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This  is  Volume  II  of  two  separately  bound  volumes  that  report  Che 
research  completed  under  the  general  terms  of  the  Office  of  Civil  Defense 
Subtask  Mo.  3233B,  "Radiological  Recovery  Concepts,  Requirements  and 
Structures."  This  volume  describee  five  supporting  studies  all  previously 
reported  to  the  Office  oj:  Civil  Defense  in  research  memoranda.  Volume  I 
describes  the  general  aspects  of  the  investigations  and  presents  the 
conclusions  snd  recommendations.  The  abstract  for  each  of  the  volumes 
is  presented  on  the  following  pages. 

The  authors  are  pleased  tc>  acknowledge  the  valuable  computer  assistance 
of  Mr.  Quentin  Ludgin  of  the  Research  Triangle  Institute  during  the  course 
of  the  project. 
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ABSTRACT  FOR  VOLUME  i 


This  study  examines  the  effectiveness  and  costa  associated  with  tha 
application  of  decontamination  to  accelerating  recovery  of  an  activity 
in  a  postattack  fallout  environment.  The  effectiveness  is  measured  in 
two  -ways:  first,  by  the  fractional  reduction  in  dose  rate  that  can  be 
achieved  by  decontamination,  and  second,  when  the  doae  received  during  the 
activity  ia  specified,  by  the  fractional  reduction  in.  denial  time  that 
can  be  achieved  by  decontamination.  The  costasre  described  in  terms  of 
the  personnel  and  equipment  required  for  the  decontamination,  the  radia¬ 
tion  doses  received  by  the  personnel,  and  the  water  required  by  the  operation. 
The  recovery  of  an  activity  is  defined  In  terms  of  radiation  doses  recaivad 
by  the  sctivity  personnel  in  performing  the  activity.  When  these  dossa 
arc  reduced  to  an  acceptable  safety  level  by  reducing  the  doae  rate  in 
the  activity  area,  the  activity  is  said  to  be  recovered.  The  above  dose 
constraints  are  expressed  both  in  terms  of  the  maximum  total  doss  and  in 
terms  of  the  maximum  equivalent  residual  dose.  The  primary  conclusion 
reached,  that  decontamination  is  as  vital  to  recovery  as  shelters  are  to 
survival  In  a  fallout  environment,  in  the  basis  for  recommending  further 
studies  analyzing  the  application  of  decontamination  to  integrated  whole-city 
recovery . 
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ABSTRACT  POP.  VOLUME  II 
.» 

Volume  II  contains  five  studies  concerned  with  determining  (lie  ovatw 

\  >  '  ; 

and  effectiveness  of  decontamination  applied  to  postattack  recovery  in  a 
fallout  environment.  These  studies  cover  the  following  subjects: 

(1)  The  Effect  of  Early  Decontamination  on  Total-  Dose:  This  study 

describes  the  effect  of  a  single  (discrete)  reduction  in  radiation  lntenalty 

*1  2 

(as  by  decontamination)  on  an  Individual's  dose  history  in  a  t  *  radiation 
field; 

(2)  The  Effect  of  Early  Decontamination  on  ERD:  This  analysis  is  like 
the  first  in  describing  the  effect  of  a  single  reduction  in  radiation  intensity, 
except  that  an  individual's  doae  is  measured  in  terms  of  his  ERD; 

(3)  Total  Doae  Approximations  for  Brief  Exposure  in  a  Fallout  Environment: 

Two  approximations  to  the  expression  used  to  calculate  total  dose  for  a  finite 

■k 

exposure  time  In  a  t  radiation  field  are  developed  and  the  resultant  error  ia 
extimated.  The  approximations  are  then  used  to  determine  the  earliest  time  of 
entry  (for  a  fixed  allowable  dose)  when  a  countermeasure  operations  auoh  aa 
decontamination  is  employed;  •; 

(4)  The  Effectiveness  of  Radiological  Countermeaaurca  in  Accelerating 
Postettack  Recovery:  This  study  develops  the  parametric  relationships  that 
d'.-'-.ermlna  the  extent  to  which  radiological  countermeasures  could  accelerate 
the  poatattack  recovery  process;  e.g.,  time  saved  in  recovering  an  activity 
as  a  function  of  the  duration  of  the  activity,  the  time  when  the  activity  was 
to  have  coomenced,  the  allowable  dose  received  by  the  activity  personnel,  the 
fallout  reference  intensity,  and  the  effect  of  decontamination  of  the  intensity. 

(5)  Studies  of  Decontamination  Ef fectlveneas:  This  analysis  is  primarily 
concerned  with  the  costs  and  effectiveness  of  decontamination  on  and  around 
nine  NFSS  structures,  in  reducing  the  dose  rata  inside  or  near  the  structures. 
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A  parametric  analysis  o£  fictitious  structures  la  also  included  to  examine 
certain  parameters  (floor  and  vail  weights,  story  of  the  detector,  number  - 
and  size  of  apertures,  etc.)  In  a  controlled  manner  to  determine  their 
contribution  to  dose  rate  reduction.  A  similar  parametric  analysis  is 
made  of  streets  and  intersections  in  an  urban  area. 
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Appendix  A 


The  Effect  of  Early  Decontamination  on  Total  Does 
I.  INTRODUCTION  AND  SUMMARY 

In  a  postattack  environment,  radiation  from  the  radioactive  fallout 
may  be  sufficiently  hazardous  to  force  a  cut  back  or  curtailment  in  certain 
activities  involving  personnel.  Fortunately,  the  hazard  posed  by  the 
radioactivity  does  not  remain  invariant  but,  rather,  diminishes  with  time 
as  radioactive  decay  takes  place.  This  process  of  natural  decay  in  field 
intensity  enables  the  curtailed  activity  to  be  resumed  at  some  future  time, 
which  depends  on  the  amount  and  type  of  radioactive  material.  If  It  is 
desirable  or  necessary  to  resume  activities  before  sufficient  time  has 
elapsed  for  the  requisite  reduction  in  intensity  to  have  occurred  naturally, 
then  the  intensity  must  be  reduced  by  other  meanB.  Decontamination  is  one 
means  of  forcing  such  a  reduction.  This  study  analyzes  the  effect  of  a 
forced  reduction  in  the  intensity  in  a  facility  (which  may  be  the  result 
of  decontaminating  on  or  about  the  facility)  on  the  total  dose  of  the 
personnel  within  the  facility. 

In  the  absence  of  a  forced  reduction,  the  total  dose  received  by  an 
individual  up  to  time  t  Is  the  area  under  his  intensity  vs.  time  curve  up 
to  time  t.  Here,  the  intensity  is  that  within  the  facility  and  therefore 
the  protection  factor  of  the  facility  is  absorbed  into  the  reference 
intensity  factor  1(1).  The  intensity  curve  in  this  study  (Figure  A-3) 
uses  a  linear  function  to  describe  the  buildup  of  intensity  and  the  function 
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I (1 ) t  Co  describe  the  subsequent  decay.  For  any  tlae  t,  the  total 

dose  as  a  function  of  reference  intensity,  1(1),  and  time  of  arrival,  E.., 
presented  in  Figure  A*  12.  This  "normal"  total  dose  is  used  In  tha  subsequent 
development  as  a  reference.  That  is,  the  totel  dose  at  some  tine  after 
decontamination  has  been  performed  will  be  compared  with  the  "normal"  total 
dose  that  otherwise  would  have  been  received  up  tr  the  seme  time. 

Decontamination  enters  the  analyses  as  an  instantaneous  reduction  In 
intensity  that  takes  place  at  time  t^.  Before  time  t^,  the  intensity  is 
not  affected.  For  all  times  after  time  t^,  the  Intensity  magnitude  1s 
multiplied  by  a  factor  whose  value  lies  between  aero  and  one.  The 
resultant  decrease  in  total  dose  (for  fixed  time  of  arrival)  will  depend 
on  td,  on  fd,  and,  in  addition,  on  the  time  after  t.  it  which  the  totel 
dose  is  examined.  At  the  conclusion  of  the  analysis,  the  total  dose  ie 
examined  at  infinity,  at  two  weeks,  and  at  the  time  at  which  the  equivalent 
residual  dose  associated  with  the  "normal". total  doso  is  a  maximum.  For 
each  examination  and  for  various  times  of  arrival,  the  ratio  of  total  dose 
with  decontamination  to  normal  total  dose  Is  presented  as  a  function  of 
time  of  decontamination  (td>  and  amount  of  decontamination  (fj),  The  effects 
of  variations  in  these  parameters  comprise  the  primary  objectives  of  this 
analysis  and  are  presented  in  Figures  A- 20  through  A- 26. 

In  the  analysis,  fallout  arrival  times  from  .2  hours  to  10  hours  are 
considered.  Only  times  of  decontamination  operations  beginning  after  the 
time  at  which  fallout  deposition  ceases  are  considered.  Both  zero  and 
finite  operation  duration  times  are  considered.  All  possible  Intensity 
reductions  are  considered.  The  results  are  displayed  by  the  ratio  of  the 
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total  dose  with  the  operation  to  the  total  doae  without  the  operation.  This 
ratio  Is  evaluated  at  specific  times  chat  are  applicable  to  the  value  range 
of  Interest;  for  Instance,  short  range  (weeks)  or  long  range  (months). 
Finally  a  method  Is  presented  so  that  the  results  can  be  applied  to  any 
desired  buildup  function. 


II.  ANALYSIS 

The  majority  of  fallout  operations  studies  have  used  the  common  fallout 

decay  law  to  describe  the  constraining  radioactive  environment.  This  decay 
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law  approximates  the  radiation  intensity  at  a  point  by  I(l)t  ’  ,  where 
1(1)  is  a  reference  constant  and  t  is  the  time  after  detonation  in  hours. 
This  expression  Is  assumed  to  be  valid  In  describing  the  radiation  intensity 
at  a  point  from  the  time  at  which  the  fallout  deposition  is  completed  to 
4000  hours  after  detonation.  In  actual  operations  it  is  necessary  to 
consider  the  effect  of  natural  fallout  deposition.  This  gradual  buildup 
of  the  fallout  field  begins  at  the  time  of  arrival  of  the  first  fallout 
particles,  t>f  reaches  a  peak  in  radiation  intensity  at  tp,  and  la  completed 
when  deposition  ceases,  t^.  The  resultant  behavior  of  intensity  with  time 
is  illustrated  in  Figure  A-l. 

Devaney  (Reference  A-l)  references  LaRiviere  as  suggesting  the  following 
approximate  relationships  among  tfl,  t^ ,  and  te: 


tp  -  ?■  ta  tfl  £  13  hr.  (A-l) 

fcc  "  5  ts°'7  ‘a  *  13  hr-  (A'2> 

In  addition,  he  suggests  that,  between  t  and  t  ,  the  log  intensity  increases 

a  p 
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linearly  with  log  time.  That  is.  he  suggests  the  following  formulation  of 

intensity  be  applied  to  the  interval  of  time  from  t  to  t  : 

a  p 

I  -  Ia(t-ta)k  ,  (M3) 

where  k  and  Ifl  are  constants  that  depend  on  the  particular  situation. 

These  suggestions  provide  a  useful  basis  for  constructing  a  model  that 
includes  the  effect  of  t  on  operstions  planning.  Hie  tine  of  arrival  is 

a 

selected  for  emphasis  because:  1)  it  strongly  affects  the  dose  magnitude 
that  a  community  can  expect  to  receive;  and  2)  It  la  potentially  valuable 
as  a  reference  time  from  the  viewpoint  of  a  community  that  ie  about  to 
schedule  recovery  operations  .  With  this  direction  in  mind,  it  is  convenient 
to  begin  by  simplifying  the  above  suggestions  and  combining  them  into  a 
fallout  intensity  model. 

First,  examine  Equations  A-l  and  A- 2  as  displayed  by  the  solid  lines 

in  Figure  A-2.  Bather  than  use  these  two  equations  for  t^  and  t£  assume 

that  tp  and  t^  occur  simultaneously  end  use  the  broken  line  in  Figure  A-2 

to  represent  both  t  and  t  .  That  is,  let  t  -  t  *  2.5  t  .  The  constant 
pc  pe  n 

2.5  is  selected  to  place  the  broken  line  between  the  solid  lines  for  t  5  10 
and  thus  partially  compensate  for  letting  tp  equal  tc>  The  resultant 
variation  of  intensity  with  time  Is  illustrated  in  Figure  A-3, 

In  Figure  A-3,  the  following  relation  oust  hold: 

Ia(t-ta)  •  I(l)t  when  t  •  2,5  t(  .  (A-4) 

ThiB  equation  determines  I  in  terms  of  1(1)  and  tfl  as  follows: 
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FIGURE  A- 2 
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Equation  A-5  and  Figure  A-3  combine  to  define  Che  total  dose,  Dt(t)  a»  a 
function  of  time  as  follows t 
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/  (x-ta)  dx  for  Ct  5  t  S 


2.5  t 


Dt(t) 

KD 


-2  2  2l5ta 

.222  t  /  (x-t  )  dx 

+  /  x-1,2  dx  for  t  £  2.5  t 

2. St  a 

a 


(A-0 


which  reduces  to 


.lllta'2,2  <t-t#)2  for  tft  £  t  <;  2.5  ta 


Dt(t) 

KD 


(A-7) 


4,41t 


-0.2 


-0.2 


5  t  ■  for  t  £  2.5  t 

A 


This  expression  for  total  dose  will  be  used  in  the  subsequent  discussion. 
It  will  be  used  to  analyte  operations  within  the  first  few  weeks  after  fallout 
arrives.  Equation  A-7  is  shown  in  Figure  A-4  by  five  curves,  each  of  which 
assumes  a  specific  value  for  t^.  The  values  selected  fox  t^  ere,  in  hours, 

1,  2,  4,  8,  and  16.  In  addition  to  these  five  curves,  a  sixth  curve  repre¬ 
senting  the  equation 


Dt(t) 

KD 


r  -i.2  . 

/  x  dx 


(A-8) 


An  analysis  using  the  more  complicated  ERL>  is  presented  in  Appendix  B. 
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is  also  presented.  This  sixth  curve  is  the  total  dose  curve  that  does  not 
account  for  the  buildup  period.  This  curve  assumes  that  all  fallout  is 
instantaneously  deposited  at  t  ■  1  hour;  that  is,  at  one  hour  following 
detonation.  On  each  of  the  five  curves  ■  thAt  do  account for  thp  buildup 
period,  an  arrow  is  placed  to  indicate  When  ■  t  occurs .  From  Che  curves 
in  Figure  A- 4,  the  totil  dose  ais  a  function  of  tine  can:  be  determined  for 
any  applicable  reference. intensity  j  1(1),  and- any  of  iihfe  specified  times 
of  arrival. 

A  prediction  of  the  radiation  ha sard  (total  dose)  for  a  particular 
community  begihs  with  the  selection  of  a  reference  curve  on  the  basis  of  the 
weapon,  the  burst  height,  ground  eero induced  radiation  effects,  and  the 
weather  conditions.  This  curve,  labeled  ’’reference  cu  vo"  in  Figure  A-4 
assumes  that  all  fallout  deposition  t$tat  will  occur  naturally  does,  in  fact, 
occur  instantaneously  at  t  ■  1  hour.  It  does  not  account  for  the  natural 
buildup  of  the  fallout  material.  Therefore,  the  reference  curve  then  must 
be  modified  to  account  for  time  of  arrive  land  buildup  period.  In  Figure 
A-4,  the  five  curves  for  selected  values  of  tt  illustrate  such  a  modification 
for  different  times  of  arrival.  It  can  be  seen  that  this  modification  is 
independent  of  1(1),  which  is  one  reason  for  presenting  the  curves  in  a 
normalized  form  (by  dividing  each  by  the  reference  intensity,  1(1% 

Figure  A-4  views  the  dose  history  of  a  community  from  the  eyes  of  an 

outsider  because  the  reference  time,  t  ~  0,  is  the  time  of  detonation. 

Therefore  it  ls  worthwhile  to  modify  these  curves  so  that  they  reflect  the 

view  point  of  an  insider  whose  reference  time  is  more  conveniently  taken 

in  terms  of  the  time  of  arrival,  t  .  This  is  done  in  Figure  A-5,  where  the 

a 
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data  in  Figure  A-4  are  reinterpreted  so  Chat  tor  all  cases  the  insider  first 
note.'i  the  arrival  of  fallout  at  time  one  hour.  Therefore,  in  Figure  A- 5,  the 
labels  on  the  curves  (t  -  1,  t  «  2,  .  .  .)  indicate  the  ntxuber  of  hours 

d  4 

before  t  -  1  that  the  detonation  actually  occurred.  This  is  the  only 
a 

difference  between  Figures  A-4  and  A- 5 ;  that  is,  the  viewpoint  or  reference 
time  distinguishes  Figure  A-4  from  Figure  A-5.  As  in  Figure  A-4,  the  arrows 
In  Figure  A-5  indicate  when  the  Insider  witnesses  the  cessation  of  fallout 
deposition.  The  effect  of  as  shown  in  Figure  A-5  becomes  more  evident 
when  uniform  scales  are  used  rather  than  logarithmic  scales.  Therefore,  the 
curves  in  Figure  A-5  are  redrawn  to  form  Figure  A-6  by  merely  changing  the 
type  of  scales.  In  this  figure  it  is  interesting  to  note  the  wide  variation 
due  to  in  the  total  dose  that  would  result  from  an  Indefinite  (t  -  «) 
stay  in  the  area  if  the  decay  law  remains  valid  out  to  t  ■  ».  For  all  curves, 
the  same  reference  intensity,  1(1),  would  have  been  predicted;  only  the 
actual  time  of  arrival  is  varied. 

From  the  data  presented  in  Figure  A-6,  a  new  set  of  data  can  be  obtained 
by  normalising  the  curves  so  that  the  total  dose  resulting  from  an  indefinite 
stay  In  the  area,  rather  than  the  reference  intensity,  is  the  same  for  all 
curves.  This  situation  is  illustrated  in  Figure  A-7  where  the  fraction  of 
potential  (t  -  to)  dose  is  presented  as  a  function  of  time.  It  should  be 
clear  that  all  curves  asymptotically  approach  unity.  This  oet  of  curves 
illustrates  the  effect  of  t  and  the  buildup  period  on  the  dose  history  when 
the  potential  dose  is  held  invarient. 

The  arrows  in  Figure  A-7  again  represent  the  times  at  which  fallout 
deposition  ceases.  This  cessation  of  fallout  deposition  for  all  five  cases 
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In  Figure  A- 7  is  seen  to  occur  when  approximately  6%  of  the  infinity  doae 
has  been  received,  This  effect  can  also  be  seen  in  Equation  A- 7  aa  follow*: 


D  (t  *  2,5  t  )  =  A.41  t 
t'  a'  a 


Dt(t  -  »)  -  4.41  ta 

.2 


.2 


KD 


(A-9) 


1(1)  -5  <2.5t  )“’2  1(1)  -  .245  ta‘*2  1(1)  ,  (A- 


and  therefore 


Dt(t  "  «) 


.245  t~'2  1(1) 

- 5 -  -  .056  -  .06 

4.41  ta'*  ■*!(!) 


(A- 11) 


This  interesting  "result"  is  a  characteristic  of  the  particular  model  that  Is 

represented  by  Figure  A-3  and  Equation  A- 5.  If  the  model  is  reasonable,  then 

the  dose  received  prior  to  cessation  of  fallout  deposition  is  predlctsd  to  * 

be  approximately  67.  of  the  infinity  dose  or,  more  conservatively,  less  than 

10%  of  the  infinity  dose.  In  subsequent  analysis  of  operations  that  begin 

at  t  ■  2.5  and  t  »  t  ,  the  actual  calculated  value,  5.6%,  will  be  used  to 
a  p 

represent  the  percent  of  infinity  dose  that  is  received  during  the  buildup 
period. 

From  Figure  A-6  it  is  interesting  to  rework  the  data  and  display  the 

effect  of  ta  in  a  slightly  different  manner.  Consider  the  ratio  of  dose 

received  within  e  fixed  interval  of  time  beginning  at  time  t  to  dose  received 

P 

up  to  time  t^,  ThiB  ratio  as  a  function  of  tfl  is  displayed  in  Figure  A-8 
where  four  intervale  of  time  (5,  10,  15,  and  20  hours)  are  considered. 

From  this  figure  and  Figure  A-7  it  is  easy  to  see  that  the  rate  at  which 
dose  accumulates  is  strongly  dependent  on  the  time  of  arrival,  t  . 

The  preceding  discussion  displays  the  effect  of  fallout  arrival  time  on 


10) 
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the  manner  in  which  radiation  dose  is  received.  The  presented  data  are  applicable 
to  any  predicted  H  +  1  reference  intensity,  1(1).  The  applicability  of  the  data 
is,  therefore.  Independent  of  any  material  attenuation  of  the  radiation  that 
may  exist.  The  curves  may  be  applied  to  people  in  or  out  of  facilities  by 
merely  dividing  D(t)  by  the  appropriate  protection  factors  of  the  facilities 
of  Interest. 

The  data  developed  in  the  preceding  discussion  can  also  be  uaed  to 
display  the  effect  on  the  individual  of  a  reduction  in  intensity  brought 
about  by  an  operation  such  as  shielding,  decontaminating,  and  ao  forth.  In 
the  following  discussion,  the  operation  will  be  asaumed  to  be  decontamination. 

Its  effectiveness,  fd,  ia  measured  In  terms  of  the  reduction  in  intensity 
where  the  individual  is  located,  due  to  Che  decontamination  operation.  That 
is,  if  the  intensity  in  the  absence  of  any  decontamination  operation  would  be 

if 

I(t)  for  any  t,  then  the  intensity  at  some  time,  t  ,  after  the  performance 

if  it 

of  a  decontamination  operation  whose  effectiveness  Is  fd  would  be  I  (t  ) 
where 

l*(t*)  -  fd  I(t*)  .  (A- 12) 

The  effect  of  this  process  on  the  individual  is  displayed  by  giving  the 
individual's  dose  curve  both  with  decontamination  and  without  decontamination 
and  by  then  comparing  the  two  curves.  This  comparison  is  developed  first 
for  the  simple  case  where  decontamination  is  assumed  to  occur  Instantaneously; 
that  is,  where  zero  time  is  required  for  the  entire  process  of  decontamination. 

The  finite  time  will  be  developed  later  in  this  appendix. 
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Consider  the  dose  that  Is  received  as  a  function  of  time  when  the  time 


of  arrival,  t  -  2  hours.  This  curve  in  Figure  A- 7  is  redrawn  and  presented 
as  Curve  1  in  Figure  A-9.  Next,  assiane  that  the  fallout  cloud  itself  is 
decontaminated  and  that  fd  •  1/3.  The  resultant  dose  as  a  function  of  time 
is  presented  as  Curve  2  in  Figure  A-9.  Curve  2  is  merely  1/3  times  Curve  1. 
Curves  1  end  2  therefore  bound  the  region  in  which  any  dose  curve  corresponding 
to  decontamination  at  time  td  with  f^  •  1/3  must  lie.  When  t,  is  greater 
than  2.3  t  then  the  actual  dose  curve  can  be  constructed  by  appropriately 
combining  Curves  1  and  2. 

The  appropriate  combination  is  very  eaay  to  construct.  As  an  example, 

let  tj  -  10  hours,  and  «  1/3.  This  means  that  at  t  •  10  hours,  the 

intensity  in  Che  facility  1b  instantaneously  reduced  by  a  factor  of  1/3. 

Prior  to  t  ■  10,  point  a.  Curve  1  describes  the  dose  history.  After  t  **  10, 

point  b.  Curve  2  describes  the  behavior  of  dose  history.  To  describe  the 

dose  history  after  t  -  10,  Curve  2  must  be  shifted  upwards  until  point  b 

Is  super imposed  on  point  a.  Curve  3  is  Curve  2  shifted  up  to  meet  this 

condition.  The  combination  of  Curves  1  and  3  that  describes  the  dose 

history  is  indicated  by  the  dotted  portion  of  the  two  curves  in  Figure  A-9. 

If  td  had  been  greater  than  10,  then  it  would  have  been  necessary  to  shift 

Curve  2  up  further  to  meet  the  necessary  condition  as  follows:  Curve  2  is 

shifted  upwards  until  Curves  1  and  2  intersect  at  td.  This  process  results 

in  the  correct  dose  curve  only  when  t .  >  2. 5  t  . 

d  —  a 

For  t  £  2,5  t  ,  Curve  1  is  given  in  Equation  A-7  as  follows: 

Dtl(t>  -  I(D  (4. 41  ta'  2  -  5t'-2)  .  (A- 13) 
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Curve  2  ia ,  for  t  ^2,5  t  , 


Dt2(t>  »  £d  1(1)  (4.41  ta'-2  -  5t~ ' 2)  . 


(A- 14) 


Therefore,  Curve  3  la, 


Dt3(«) 


•S'd 


(  +  “tat'*  -  "taS'd*  '  > 


t2.  d 


f*  tl<fc> 


( 


<*  -  £d>  Dtl<td> +  fd  Dfl<c> *  >  *d 


(A-15) 


TUc  value  of  decontamination  can  be  measured  by  the  ratio  of  Infinity 
>'oae  with  decontamination  to  infinity  dose  without  decontamination;  that  la, 
by  the  value  ratio  R  where 


R  ” 


Dfc3(t  -  „) 
Dtl(t  ■  ») 


-  £d  +  -  fd>  d^TT) 


(A- 16) 


However,  from  Equation  A-13 


Dtl(  »  )  -  4.41  1(1)  tfl 


-.2 


(A- 17) 


0tl(td)  -  KD  (A. 41  ta’-2  -  5  td"‘2)  , 


(A- 18) 


go  that 
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R„  ■  fd +  » -  fd>  <l  - 113  ■ 

d 

This  equation  expresses  the  effectiveness  of  Instantaneous  decontamination, 

R  ,  as  a  function  of  decontamination  effectiveness,  f time  of  arrival, 
tfl;  and  time  of  decontamination,  trf.  This  relationship  la  displayed  In 
Figures  A- 13  through  A- 15.  Together,  these  figures  display  the  result 
of  any  instantaneous  decontamination  effectiveness,  f^,  that  becomes  effective 
at  any  time  £  2.5  tfl ,  for  any  time  of  arrival  ta,  and  any  Initial  rafarenee 
intensity,  1(1).  ttowever,  before  interpreting  and  discussing  these  figures, 
it  is  worthwhile  first  to  examine  decontamination  that  does  not  occur 
instantaneously  and  show  how  it  may  be  related  to  instantaneous  decontamination. 
When  the  decontamination  process  requires  a  finite  time,  T,  the  process 
will  he  said  to  begin  at  time  td  and  to  end  at  time  t^  +  T  -  Ihe 
resultant  doae  will  be  described  In  conjunction  with  Figure  A-10.  In 
Figure  A-10,  Curves  1,  2,  and  3  are  the  same  as  Che  corresponding  curves 
in  Figure  A-9.  Curve  4  is  the  curve  that  would  apply  If  the  decontamination 
occurred  instantaneously  at  time  td  ■  25.  Therefore,  If  •  10,  and  T  ■  15 
ao  that  tj  +  T  ■  t  ■  25,  then  the  appropriate  dose  curve  would  lie  between 
Curves  3  and  4  and  would  be  identical  in  shape  to  Curves  3  and  4  for  t  £  25. 

The  curve  Chat  will  be  assumed  appropriate  is  labeled  Curve  5  and  Is  located 
midway  between  Curves  3  and  4.  In  constructing  Curve  5,  the  only  new 
assumption  used  Is  the  dose  history  between  t  ■  10  and  t  “  25,  It  Is 
assigned  that  during  the  process  the  dose  will  be  halfway  between  the  curve 
for  no  decontamination.  Curve  1,  and  the  curve  for  instautaneoun  decontami¬ 
nation,  Curve  3.  Therefore,  Curve  5  Is  located  midway  between  Curves  1  and 
3  at  the  conclusion  of  the  process,  t  =  25;  and,  this  locates  Curve  5  midway 
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between  Curves  3  and  4.  The  resultant  curve  Is  therefore  represented  by 
the  dotted  portions  of  the  several  curve  aegnwits. 

Cnee  again,  it  la  useful  to  examine  the  value  of  this  decontamination 
in  the  same  manner  that  the  value  of  instantaneous  decontamination  me 
examined.  Let  Curves  1,  2,  .  .  .  ,  5  in  Figure  A- 10  be  represented  by 
Dtl(t),  Dt2(t),  ....  Dt5(t).  Afl  before,  D^t)  is  merely  fd 
The  value  of  decontamination  is  then  the  ratio,  R  ,  of  infinity  dose 

M 

with  decontamination  to  infinity  dose  without  decontamination;  that  is, 


R 

so 


(t  »  a) 

(r- «> 


020) 


For  t  ;>  25,  the  following  holds: 

Dt5(t>  -  Dt4(t)  -  1/2  [Dtl(to>  -  Dt3(te)]  , 

(&-21) 

-  fdDtl^>  +  <1-fd>Dtl(te>  “  1/2  -  £dDtl(ts>  "  C1"fd>Dtl<td>1  * 

"  Wc>  +  “T*  lDM<td>  +  Dtl(te>]  *  <*“22> 


and  therefore. 


R 

00 


(»-«,)  -a<V  *  -qty 
0  2  »,!«•) 


Recall  from  Equation  A- 13  that 


Dtl<e>  -  1(1)  (4.41  ta'-2  -  5  t‘,2>  , 


(A*  23) 


(A- 24) 


for  t  ^  tj. 

Combining  Equations  A-23  and  A-24  the  ratio  R  becomes, 

CO 
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Now,  define  an  effective  decontamination  time,  t#££,  ®*  follows: 

1 1'£]  -  1/2  (td'-2  +  te'-2)  .  CA-26) 

Using  this  effective  time,  te££,  the  ratio,  R^,  becomes 

R  -  f  .  +  (1-f.)  <1-1.13 
oo  a  a 

which  Is  the  same  aa  the  R  for  instantaneoua  decontamination  aa  given  by 

00 

Equation  A-19.  This  la  the  reason  for  delaying  the  interpretation  and 

discussion  of  Figures  A- 13  through  A-15.  Although  developed  for  instantaneous 

decontamination,  they  also  apply  to  finite  time  decontamination  by  merely 

selecting  an  effective  time  on  the  baslB  of  t^  and  ~T  according  to  Equation 

A- 26.  Figure  A- 11  has  bean  drawn  to  represent  Equation  A-26,  It  gives 

t  „  as  a  function  of  t.  +  1/2  X  for  selected  values  of  T. 
ef  f  d 

The  preceding  analysis  can  be  summarised  with  four  figures.  Tho  first, 
Figure  A- 12,  replaced  Figure*  A-l  through  A6 .  When  the  tine  of  arrival, 
ta,  is  specified,  the  total  dose  Dfc(t)  can  be  determined  from  the  figure 
for  any  time,  t,  less  than  one  thousand  hours,  and  for  any  reference 
intensity,  1(1).  This  figure  represents  the  following  equation: 

t/*2  D  <t)  t  ,  t 

8  I(1j - 4.41  -  5(-f)>2  for  ^  2.5  .  <A-28) 

This  curve  will  be  celled  the  generalised  total  dose  curve.  It  Is  normalised 
both  with  respect  to  t  and  with  respect  to  1(1). 


-.2 


(A-27) 
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Figures  A-13  through  A-15  express  the  following  forms  of  Equation  A-19: 

/  t.  \  -.2 

-  fd  +  (l-fd)(l-1.13  f  f-  1  )  ,  (A- 29) 

*-  ‘  [■*•“  ft)  2]  +  [1>U  ft)  '*]  (i'30) 

and 

fd  -  1  -  .883  (1-RJ  ‘2  ,  (A- 31) 

td 

all  for  2.5.  These  three  figures  display  the  various  trada-offs  of 
a 

interest  that  exist  in  the  decontamination  process.  Figure  A-13  shot's  the 

relationship  between  the  value  ratio,  R  ,  and  the  time  of  decontamination, 

00 

td,  for  fixed  levels  of  decontamination  effectiveness,  fj,  Figure  A- 14 
shows  the  relationship  between  the  decontamination  effectiveness,  fj,  and 
the  value  ratio,  R  ,  for  a  fixed  times  of  decontamination,  t..  Figure  A-13 

*ja  u 

shows  how  cd  end  fd  can  be  varied  without  changing  the  value  ratio,  R^.  All 
three  figures  ere  presented  for  cases  where  fd  and  R^  are  less  than  1,0, 
However,  it  should  be  recognized  that  the  presentation  could  have  covered 
cases  where  f .  and  R  were  greeter  than  1.0  because  the  governing  equations 

U  00 

are  valid  for  both  situations. 

These  figures  are  most  useful  in  obtaining  an  uncluttered  appreciation 
of  the  trade-offs  that  exist  along  with  a  rough  approximation  of  their 
behavior.  Although  the  curves  are  exact,  they  must  be  viewed  as  a  rough 
approximation  because  the  value  ratio  is  evaluated  in  terms  of  infinity 
dose  (t  “  »)  whose  applicability  has  not  yet  been  discussed.  The  ratio 
was  evaluated  at  t  •=  «  to  obtain  a  simple  approximation  of  the  trade-offs 
and  their  general  behavior.  To  obtain  a  second  approximation  it  is  worthwhile 
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to  determine  a  more  appropriate  time  at  which  to  evaluate  the  valv'  ratio. 

Such  a  time  will  he  selected  on  the  basis  of  equivalent  residual  doe*,  — -  jf — 

0R(t),  rather  than  total  dose.  Dt(t). 

The  Blsir  theory  regarding  the  rate  of  recovery  aa  quoted  in  Davuaay 
(Reference  1)  is  shown  as  curve  in  Figure  A- 16  along  with  an  approximation 
curve  which  will  be  used  in  the  following  discussion,  curve  W.  This 
approximation  is  used  throughout  the  interval  of  time,  0  to  500  hours, 
which,  as  will  be  seen,  encompasses  the  time  interval  of  interest  in  this 
analysis.  Using  this  approximation,  the  equivalent  residual  dose,  D^(t) 
can  be  expressed  as  follows: 

Dft(t>  “  /  U  +  .»  tt  -  <*t  -  x»]  I(x)  dx  Ch-32) 

o 

where,  from  Figure  A- 16,  a  1b  .00085.  Inserting  I(x)  as  expressed  in  Figure 
A-3  and  Equation  A- 5  this  becomes 

D_(t)  -  (1  -  .9ot)I(l)  (4.41t  'v2  -  5t'  2)  +  .901(1)  (2.4t  *8  +  1.25f°).  (6-33) 

K  o  ■ 


This  equation  In  a  normalised  ,orm  la  displayed  along  with  D£(t)  in  Figure  6-17 
for  tfl  ■  1,  2,  4,  and  8  hours.  In  this  figure  it  can  be  seen  that  the  maximmi 
equivalent  residual  dose  occurs  prior  to  t  »  300  hours.  More  specifically, 
the  maximum  can  be  determined  by  setting  the  derivative  equal  to  zero.  This 
process  results  in  the  following  equation  for  t^  : 


-.2 


+  262  t 


■1.2 


.883  t 


-.2 


(A- 34) 


which  is  presented  in  Figure  A-18.  From  this  figure,  the  maximum  is  seen  to 

lie  between  175  hours  and  336  hours  when  t  lies  between  1  hour  and  10  hours, 

a 
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The  normalized  value  of  D^(t)  when  t  “  tMj{  is  presented  in  Figure  A.- 19 
as  a  function  of  time  of  arrival,  t#. 

From  the  resultant  times  at  which  max  &g(t)  occurs,  it  la  obvious 
that  the  validity  range  of  the  expression  used  to  approximate  the  recovery 
process  is  more  than  sufficient.  In  addition,  it  can  be  seen  that  the 
max  DR(t)  will  occur  before  two  weeks  (336  hours)  for  t^  <,  10  hours.  For 
this  reason,  two  weeks,  or  336  hours,  is  selected  ea  the  evaluation  time 
fox  a  second  approximation.  Thia  time,  336  hours,  Is  selected  as  a  logical 
time  chat  is  independent  of  t#  at  which  to  evaluate  the  decontamination 
value  ratio. 

In  addition,  the  value  ratio  will  be  evaluated  at  that  time  when, 
for  a  given  time  of  errivel,  the  equivalent  residual  doss,  DR(t) ,  reaches 
a  maximum.  Obviously  this  lattsr  avaluation  time  will  not  be  Independent 
of  t^. 

For  these  last  two  approaches  to  the  value  ratio,  Equation  A-16  can 
be  rewritten  as, 

\  -  fd  +  (1  -  V  i£oo-  -  <*-”> 


where  x  is  the  time  at  which  the  value  ratio  is  to  be  evaluated.  Upon 
substituting  Equation  A-13  for  Dtl(. ),  the  above  expression  becomes: 


When  x 

for  R  . 

» 


f„> 


2  -  2 
1  -  1.13  t  t.  1 

a  d 

2-2 

1  -  1.13  t  x  ‘4 
a 


(A- 36) 


is  sufficiently  large,  this  expression  reduces  to  Equation  A-19 
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ta,  and  t^j.  Before  graphically  displaying  these  trade-offs.  It  is  worthwhile 

to  review  the  meaning  of,  and  constraints  on,  the  various  parameters  and  the 

equation  Itself.  The  least  complicated  parameters  are  fj  and  tj.  together, 

they  describe  the  decontamination  (or  similar  type)  operation.  As  a  result 

of  the  operation,  the  intensity  is  reduced  by  a  factor  f.,.  When  the  operation 

is  Ineffective,  fd  -  1.  When  the  operation  is  perfect,  fd  »  0.  this  operation 

takes  place  at  some  time  td,  which  must  be  after  the  deposition  of  fallout  has 

ceased  or,  ms thematically,  must  be  during  that  time  when  the  intensity  behavior 

-1  2 

is  adequately  described  by  the  t  decay  lav.  Because  fallout  deposition 
ceases  at  time  t  -  2.5  tQ  in  the  buildup  function  used  to  develop  the  equation, 
the  equation  holds  when  td  is  greater  then  2.5  t#.  That  is,  if  the  t jee  of 
arrival  is  one  hour,  then  decontamination  is  not  performed  before  2%  hours; 
if  the  time  of  arrival  is  3  hours,  then  decontemination  is  not  performed 
before  7%  hours.  Briefly,  the  equation  assumes  that  decontamination  will 
not  be  performed  before  the  fallout  is  all  deposited. 

Contrary  to  expectation,  the  buildup  model  (Figure  A- 3)  used  to  develop 
Equation  A-36  does  not  preclude  the  application  of  the  equation  to  other 
fallout  situations.  The  buildup  model  is  only  used  as  a  vehicle  for  intro¬ 
ducing  the  parameter  tR  into  tho  equation.  The  equation  is  valid  for  any 

* 

different  buildup  model  that  uses  a  time  of  arrival,  t^.  In  such  a  case  it 

* 

is  only  necessary  to  determine  the  proper  correspondence  between  t#  and  the 

t  used  in  Equation  A-36.  This  correspondence  may  be  determined  from  the 
a 

following  expression: 


1 

4.41  1(1) 


* 

t  *  - 

j*C  f(x)  dx  +  1.13  tc‘"£  , 


(A-37) 
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where  is  the  tine  of  arrival, 

* 

tfi  is  the  tine  of  deposition  cessation,  and 

f  (x)  is  the  intensity- tine  behavior  of  the  new  buildup  nodal. 

This  expression  will  be  conpletely  developed  in  Section  Ill  below. 

The  two  remaining  parameters ,  R^  and  x,  are  tits  nost  conplicated 

parameters  in  Equation  A-36.  To  keap  compatible  with  Equation  A-18, 

R  is: 
x 


Dt(x)  with  decontamination 
*X  "  Dfc(x)  without  decontamination  * 


(A-38) 


where  x  is  the  time  at  which  the  total  dose  expressions  in  the  ratio  are 
evaluated.  The  complication  lies  in  selecting  the  proper  x,  or  equivalently, 
in  interpreting  the  results  that  arise  when  a  particular  x  la  selected. 

In  either  case,  both  the  selection  and  interpretation  arc  tantasnunt  to  value 
judgments.  When  concern  is  focused  on  short  rsnge  recovery  and  survival, 
the  tendency  asy  be  to  examine  the  ratio  evaluated  at  short  rings  times; 
that  is,  at  lesser  values  of  x.  When  concern  is  focused  on  long  range 
recovery,  the  tendency  may  be  to  examine  the  ratio  evaluated  at  long  range 
time;  for  instance,  at  x  -  *.  Three  examples  of  appropriate  x'a  are 
presented;  x  ■  ®,  x  -  2  weeks  ■  336  hours,  and  x  »  that  time  when  the  ESS 
is  a  maximum  (between  330  hours  and  175  hours,  depending  on  ta).  The  ratio 
R^  for  particular  values  of  x  is  the  fractional  reduction  In  total  dose 
(and,  therefore,  irreparable  dose)  that  results  from  the  performance  of  the 
operation  (see  Equation  A -38).  Because  the  actual  interpretation  will  depend 
on  the  manner  in  which  Equation  A-36  and  the  descriptive  curves  are  actually 
used,  the  preceding  remarks  are  brief  and  intended  only  as  examples  of 
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considerations  that  will  arise  in  using  the  displays  that  follow.  Hie 
first  display.  Figure  A-2Q,  shows  the  trade-offs  that  exist  between 
and  td  for  specified  values  of  R^g  end  t  .  The  corresponding  display 

for  R  was  presented  in  Figure  A-15.  These  curves  define  the  limits  of 

00 

operation  performance  that  will  achieve  a  specified  result.  For  exaoqtle, 
consider  a  particular  geographical  area  where  the  time  of  fallout  arrival, 
tft,  and  reference  intensity,  1(1),  combine  to  produce  a  very  serious 
situation.  When  these  two  parameters  tfl  and  1(1)  are  specified.  Figure 
A- 12  will  predict  the  dose  received  up  to  any  time  t.  Figure  A- 20  shows 
the  range  of  reduction  operation  that  can  bo  performed  (t^  and  f.)  to 
achieve  the  particular  doae  reduction  when  concern  is  short  range  (x  »  336). 

As  an  example,  let  £  -  4  hours  And  1(1)  “  1000  R/hr.  From  Figure  A-12,  at 
t  -  336  hours,  the  preducted  dose  is  2.35  X(l)ta~*2  -  2.35  x  1000  x  .76  ■  1786 
roentgens.  If  it  were  desired  to  reduce  this  to  600  roentgens,  or  by  a 
factor  of  ■  .34,  then  the  fd  and  td  combinations  that  would  achieve 
this  result  are  located  using  the  labeled  deshad  curve  on  Figure  A- 20. 

Figure  A- 15  showed  the  trade-offs  when  the  concern  was  long  range  (x  ■  »). 

Hue  second  display,  Figures  A-21  and  A-22,  shows  how  the  fractional 
reduction  In  dose,  R^.,  varies  when  the  reduction  in  intensity,  frf,  is 
changed  for  specific  times  of  arrival,  ta,  and  of  decontamination,  c^. 

(The  long  range  consideration,  x  »  »,  was  displayed  in  Figure  A- 14. )  The 
two  f  igui.es  work  together.  Figure  A-21  presents  the  trado-off  for  t  *  1 
hour  and  Figure  A-22  Is  used  to  interpret  the  Figure  A-21  curves  for  other 
times  of  arrival.  That  is,  from  Equation  A- 36  it  can  be  seen  that  each 
curve  in  Figure.  A-21  is  not  restricted  no  the  time  t  and  t  with  which 
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they  are  labeled.  Instead,  each  curve  is  applicable  fco  u  multitude  of 
t  ,  tj  combinations.  The  set  of  combinations  that  applies  to  each  curve 
in  Figure  A-21  is  given  by  each  of  the  four  corresponding  curves  in 
Figure  A-22«  The  curves  in  both  Figures  are  labeled  1,  2,  3,  and  4  to 
establish  easy  recognition  of  the  proper  correspondence. 

The  third  display.  Figures  A-23  through  A-26,  shows  how  a  given 

intensity  reduction,  f ^ ,  will  achieva  different  dose  reductions  when 

the  operation  time,  td>  is  varied.  XhlB  effect  is  portrayed  for  times 

of  arrival  1/3,  l,  3,  and  9  hours  and  for  value  ratio  evaluation  fcjgg.8 

of  «,  336  hours,  and  the  times  when  the  equivalent  residual  dose  is 

maximum  (see  Figure  A- 18).  From  this  set  of  curves  It  la  easy  to  determine 

the  wide  variation  that  exists  in  the  magnitude  of  the  yaluo  ratio  and 

that  results  from  fd,  td ,  t^,  and,  most  vividly,  x,  These  variations 

in  the  value  ratio,  R^,  ere  of  two  distinct  and  different  typeu.  Most 

important  for  operation  planning  is  the  variation  that  results  when  f^, 

t ,,  and  t  are  varied.  These  variations  result  from  the  manner  in  which 
a  a 

the  decontamination  operation  1b  performed.  In  contrast  to  these  are  the 
variations  in  R^  that  occur  when  x  is  varied.  These  variations  have 
nothing  to  do  with  the  decontamination  operation.  They  only  reveal  the 
effect  of  the  time  at  which  the  value  ratio  is  examined.  To  emphasize 
this  effect,  several  of  the  curves  for  f^  *>  0  and  f^  ■  .8  are  combined 
and  presented  in  a  different  manner  in  Figure  A-27.  For  t  «  1,  Figure 
A-27  shows  the  variation  that  results  when  the  time  at  which  the  value 
ratio  is  evaluated  is  changed.  It  can  be  seen  that  the  variation  is  greatly 
dependent  on  the  reduction  in  intensity,  f^.  For  low  values  cf  f^,  the 
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variation  due  to  x  is  greater  than  it  is  at  high  values  of  f^. 

figures  A-28  to  A-31  show  an  entirely  different  effect.  An 
examination  of  Figures  A-23  through  A  26  reveela  that  as  one  goes  to 
lower  and  lower  values  of  f^,  the  return  as  measured  by  R^  becomes 
leHs  and  less.  This  effect  is  displayed  in  Figures  A-2.8  to  A- 31,  one  for 
each  of  the  times  of  arrival  1/3,  1,  3,  and  9  hours.  The  value  ratio, 

Rx,  was  presented  as  a  function  of  f^  in  Equation  A* 36.  The  limiting 
(or  "best”  R^)  is  reached  when  f^  •  0  and  can  be  expressed  as  aa 
follows s 


* 

Rx 


?  -  2 

1  -  1.13  t  t.  ' 

_ _ A  a 

1  -  1.13  t  *2  x'*2 


(A- 39) 


Consider  the  tj'a  and  fj's  that  result  in  a  value  ratio  that  is 
within  10%  of  the  theoretical  limit.  That  la,  let 


Rx-iaRx 


(A-40) 


Substituting  the  equation  for  R^  and  R^  (Equations  A-26  and  A-39)  into 
Equation  A-40  results  In  the  following  relation  among  td,  fj,  and  x: 


11.3  f  .  -  -*■  , 

d  „  -.2 


t.''2  -  1.13  t  ‘*2 

a — 


-  X 


-.2 


(A- 41) 


Tills  relationship  is  displayed  in  Figure  A-28  through  A-31  for  2  values  of 
x  and  4  values  of  t  .  These  displays  show  the  f,  that  must  be  achieved  to 

fl  Cl 

result  in  a  value  ratio  that  is  907.  of  the  theoretical  limit  when  the  time 
of  decontamination  t^  is  fixed.  This  may  be  Interpreted  as  one  possible 
curve  for  diminishing  returns  in  the  value  of  f^.  The  shaded  portion  of  each 
Figure  is  the  region  swept  out  by  the  curve  as  x  goes  from  336  hours  to  «. 
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the  effectiveness  of  decontamination  operations  In  reducing  total  dose 
received  by  an  individual  has  been  approached  using  a  linear  function  to 
approximate  fallout  radiation  intensity  buildup  (Sea  Figure  A- 3).  Aa 
previously  stated,  this  linear  approximation  was  used  only  as  a  vehlcla 
to  introduce  the  parameter  tft  into  the  final  results.  It  does  not  limit 
the  results  to  situations  where  the  buildup  is  linear.  For  exaaple,  consider 
the  buildup  function  illustrated  in  Figure  A- 32. 
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FIGURE  A- 32 

General  Buildup  Function 


9*  time 


At  some  time  t  (t  £  t  )  (See  Figure  A- 32)  the  total  dose  is, 
c  * 

★  c  ^  .i  j 

n  (t)  -  /  f(x)rix  +  /  i(i)  1,4dt  . 

L  *  * 
t  t 

a  c 


(A- 42) 


At  this  same  time  t,  the  total  dose  for  the  model  used  in  Section  II 


(Figure  A-3)  is,  for  t  £  2.5  tfl. 
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Dt(t)  -  I(l>  (4.41  ta'-2  -  5t~ * ” )  . 
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•j*  ff 

If  there  exists  a  tfi(ta>  such  that  D  (t)  “  Dfc(t),  then  c^e  results  of 

Section  II  may  be  applied  to  situations  whore  the  buildup  la  given  by 

£ 

Figure  A-32.  The  function  t  (t  )  exists  and  is  found  aa  follows: 


1(1)  (4.41  t  "*2  -  5  t‘‘2)  -  /  £(x)  dx  +  5  1(1)  (t*“’2  -  t“*2),  (A-44) 

a  *  c 
t 


‘.'■'•cbn  l  '<«>-»  + i.i3  tj--1  . 


(A- 45) 


which  la  the  desired  function  for  the  new  buildup  function  f(x).  As  an 
example,  consider  Che  function  in  Figure  A- 33. 


FIGURE  A- 33 
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*-*\  -rm  »•*'*•*  Enuation  A-45  then  becomes 

"a'  ~a 


.  ,  2-12  IO>  C2-2 

i  *  '  4.41  1(1) 


2  t 


(x  -  t*)dx  +  1.13  (2t*)',Z 


1.033  t 


*-.2 


"  (.85  £>--2 


(A-46) 


or 


.85  t 


(A* 47) 


Therefore,  the  curves  tft  -  1,  3,  9  would  be  read  as  t^  ■  1.18,  3.53,  10.6. 
As  a  second  example,  consider  the  function  in  Figure  A“34. 


£  FIGURE  A- 34 

Alternative  Buildup  Function 


time 


r  *  , 

To  maintain  continuity,  if  f(x)  is  a  sine  function  in  the  interval  ltfl,  3  t^J, 

then, 

f(t)  =  (3  t*)"1'2  [1  +  sln  V'  (t_2  ta^  *  (A-48) 

£  a  2  t 
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Therefore,  Equation  A-43  becomes 


1 


3  t 


4.41  1(1) 


.  ip 


+  1.13  (3  t*)"’2 
3-1-2  ‘  *_  2 

<f M~  +  3  l*“>  fca 

(1.183  t*)‘-2  , 


(1  +  sin 


(t-2  t*)l  dt 


(A-49) 


(A- 50) 
(A- 51) 


or 

t  -  1.183  t*  .  (A- 52) 

a  A 

h 

Therefore,  the  curves  ■  1,  3,  9  would  be  reed  as  ■  .845,  2,53,  7.6, 

respectively.  From  the  examples  and  preceding  discussion,  It  can  be  seen 

that  time  of  arrival  and  nature  of  the  buildup  function  are  used  for 

presentation  convenience  and  the  results  obtained  do  not  depend  on  them. 

-1  2 

The  main  assumption  in  the  development  is  the  t  '  decay  law,  The 
precision  implicit  in  the  results  depends  on  the  precision  with  which  the 
t  decay  law  models  reality.  However,  in  the  process  of  using  the 
results  for  prediction  and  planning,  any  error  that  results  from  using 
this  decay  assumption  will  be  minor  when  compared  to  the  error  due  to  other 
assumptions  that  must  be  made  in  attempting  to  apply  the  theory. 
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Appendix  B 


The  Effect  of  Early  Decontamination  on  Equivalent  Residual  Doge 
I.  INTRODUCTION  AND  3UHMARY 

Appendix  A  analyzed  the  effect  of  a  reduction  In  the  Intensity  In 
a  facility  (which  might  be  the  result  of  decontaminating  on  or  about  the 
facility)  on  the  total  dose  of  the  personnel  within  the  facility.  To 
complement  this  information,  the  present  study  analyzes  the  effect  of  a 
reduction  in  the  intensity  In  a  facility  on  the  equivalent  residual  dose 
(ERD)  of  the  personnel  remaining  within  the  facility  over  the  whole  time 
period  of  Interest. 

The  ERD  of  an  individual  at  time  t  is  the  area  under  the  appropriate 

portion  of  a  weighted  intensity  vs.  time  curve.  Here,  the  intensity  1«  that 

within  the  facility,  and  therefore  the  protection  factor  of  the  facility 

is  absorbed  into  the  reference  intsnsity  factor,  1(1).  The  Intensity 

curve  used  here  employs  a  linear  function  to  describe  the  buildup  of 

-12 

intensity  and  the  function  l(l)t  ’  to  describe  the  subsequent  decay.  For 
any  time  t,  the  ERD  as  function  of  reference  intensity,  1(1),  and  time 
of  arrival,  t#,  is  presented  in  Figure  B-3.  This  "normal"  ERD  is  used  in 
the  subsequent  development,  as  a  reference.  That  is,  the  ERD  at  some  time 
after  decontamination  has  been  performed  will  be  compared  with  the  "normal" 
ERD  that  otherwise  would  have  been  received  up  to  the  same  time.  Following 
this  general  development,  attention  is  focused  on  the  maximum  value  attained 
by  the  "normal"  ERD  as  a  function  of  the  reference  intensity  and  time  of 
arrival.  The  behavior  of  this  maximum  ERD  is  illustrated  in  Figures  B-4 
and  B-5. 
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Decontamination  enters  the  analyses  as  an  instantaneous  reduction 

in  intensity  that  takes  place  at  time  t^.  Before  time  t^,  the  intenaity 

is  not  affected.  For  all  times  after  time  t^,  the  intensity  magnitude 

is  multiplied  by  a  factor  f^  whose  value  lies  between  aero  and  one. 

The  resultant  decrease  in  maximum  ERD  (for  fined  time  of  arrival)  will 

depend  on  td  and  f^.  For  various  times  of  arrival,  the  ratio  of  maximum 

ERD  with  decontamination  to  normal  maximum  ERD  is  presented  as  a  function 

of  time  of  decontamination  (t.)  and  amount  of  decontamination  (f,).  The 

a  a 

effects  of  variations  in  these  parameters  comprise  the  primary  objectives 
of  this  analysis  and  are  presented  In  Figures  B-13  a,  b,  and  c. 

In  the  analysis,  fallout  arrival  times  from  .2  hours  to  10  hours  are 
considered.  Only  times  of  operations  later  than  the  time  at  which  fallout 
deposition  ceases  are  considered.  Both  zero  and  finite  operation  duration 
times  are  considered.  All  possible  intensity  reductions  are  considered. 

The  results  are  displayed  by  the  ratio  of  the  maximum  ERD  with  the  operation 
to  the  maximum  ERD  without  the  operation.  In  addition  a  method  is  presented 
so  that  the  results  can  be  applied  to  any  desired  buildup  function. 

II.  ERD  WITHOUT  DECONTAMINATION 

The  effect  of  decontamination  on  an  Individual's  ERD  will  be  determined 
as  a  function  of  both  the  fallout  intensity  characteristics  (time  of  arrival, 
buildup  function,  and  reference  intensity)  and  the  decontamination  operation 
characteristics  (time  of  decontamination  and  effectiveness  of  decontamination). 
The  effect  of  a  particular  decontamination  operation  will  be  viewed  as  the 


change  in  an  individual's  maximum  ESB  resulting  from  the  performance  of 
the  operation,  To  determine  this  change,  it  is  first  necessary  to 
determine  the  behavior  of  an  individual’s  maximum  ERD  as  determined  by 
the  fallout  intensity  characteristics  in  the  absence  of  any  decontami¬ 
nation  operations.  This  sec  -  .'.on  determines  this  behavior. 

A.  General  Expression  for  ERD 

The  following  development  postulates  the  occurrence  of  a  single 
nuclear  detonation  at  time  t  ■>  0  where  t  is  in  hours.  As  a  result  of 
this  detonation,  radioactive  fallout  material  is  deposited  in  the  vicinity 
of  the  individual  of  Interest.  This  material  produces  radiation  whose 
intensity  at  the  individual's  location  is  I(t)  in  roentgens  per  hour. 

This  intensity  is  zero  prior  to  t  *  0,  Because  this  intensity  is  at  the 
individual's  location,  the  protection  factor  of  the  facility  in  which  the 
individual  is  located  is  incorporated  into  the  intensity  function,  l(t). 
Throughout  the  analysis,  the  individual  remains  at  the  location 
where  the  intensity  Is  I(t)  for  all  t  >  0.  Therefore,  at  any  time  greater 
than  zero  the  total  dose  he  will  have  received  is: 

t 

Total  Dose  -  D^(t)  -  /  I(x)dx  .  (B-l) 

o 

When  the  intensity  is  weighted  to  account  for  the  natural  biological 
repair  that  takes  place,  the  resultant  dose  is  called  the  equivalent 
residual  dose,  ERD.  If  W(t-x)  is  the  appropriate  weighting  function, 
then  at  any  time  greater  than  zero  the  individual's  ERI>  is: 

t 

ERD  -  DR(t)  =  /  W(t-x)  I(x)dx  .  (B-2) 

o 
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This  Is  the  general  expression  for  ERD  thatis  used  throughout  the - 

remainder  of  this  paper.  In  Section  B,  the  intensity  function  I(x)  will 

be  formulated  to  reflect  the  combined  effects  of  fallout  material 

deposition  rate  and  radioactive  decay.  Prior  to  the  completion  of  the 

deposition  process,  a  buildup  function  will  be  chosen  to  represent  the 

Intensity  behavior.  For  times  after  deposition  has  ceased,  the  common 
**12 

decay  law,  I(l)t"A"  ,  will  be  used  to  represent  the  intensity  behavior. 

In  Section  C  the  weighting  function  as  suggested  by  Devaney  (Reference  B- 1) 
and  the  National  Committee  on  Radiation  Protection  (Reference  B*2)  will 
be  approximated  for  subsequent  analysis  and  evaluation  of  Equation  B*2. 

B.  Intensity -Function 

The  intensity  function  is  developed  for  all  times  greater  than  sero 
by  firat  dividing  the  times  of  Interest  into  three  Intervals.  The  first 
interval  is  prior  to  t#,  the  time  of  fallout  arrival.  Over  thia  interval 
the  Intensity  is  assumed  equal  to  tero.  That  la, 
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I(t)  -  0  for  t  <  ta  .  (B-3)  » 


The  second  Interval  is  from  t  to  t  ,  where  t  is  the  time  at  which 
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fallout  deposition  ceases.  During  this  time  Interval  the  intensity  function, 
called  the  buildup  function,  must  reflect  the  combined  effect  of  material 
deposition  and  radioactive  decay.  Because  of  the  many  factors  entering 
into  such  a  determination,  the  appropriate  function  will  vary  according 
to  the  particular  situation.  Therefore,  a  convenient  (linear  and  with 
tc  »  2.5  tfl)*  function  will  be  selected  upon  which  the  subsequent  analysis 

For  a  more  detailed  discussion  regarding  the  selection  of  this  particular 
buildup  function,  see  Reference  E-2. 
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will  be  based.  At  the  conclusion  of  this  section  the  n-othematioi  necessary 
to  apply  the  analysis  and  results  of  this  report  to  different  buildup  functions' 
will  be  presented. 

The  analysis  regards  X(t)  as  linear  throughout  the  time  Interval  t 
to  tc.  That  is, 

I(t)  ■  1  (t-tfl)  for  t#  <  t  S  tc  ■  2, 5  tft  (Br4) 

ie  selected  as  a  reference  buildup  function.  Because  in  Equation  B-4  the 
intensity  Is  zero  when  t  «  -t  ,  the  intensity  function  is  continuous  through¬ 
out  the  first  two  time  intervals,  zero  to  2.5  t&.  The  constant  I  In 
Equation  B-4  is  chosen  to  make  the  intensity  function  continuous  throughout 
the.  second  and  third  intervals,  t  greater  than  t#. 

The.  third  Interval  includes  all  times  greater  than  t  *  2.5  t  ,  During 

C  A 

this  interval,  the  intensity  behavior  is  assumed  to  follow  the  common  radio- 
-1  2 

active  decay  law,  t  '  .  That  La,  j 

I(t)  -  T(l)t‘1,2  for  2.5  ta  <  t  .  (B-5) 

Here,  1(1)  in  roentgens  per  hour  is  the  reference  intensity  constant.  Al¬ 
though  Equation  B-5  is  specified  for  all  times  greater  than  2,5  t#,  the 
analysis  will  only  use  the  equation  when  t  is  between  ,2  hours  and  4000 
hours. 

The  intensity  function  development  is  completed  by  determining  the 
constant  1  in  Equation  B-4  so  that  the  intensity  function  is  continuous 
for  all  t  greater  than  zero.  This  is  accomplished  by  combining  Equations 
B-4  and  B-5  and  setting  t  equ^l  to  2.5  t  as  follows; 
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I 

I 


I  (1.5  ta>  -  1(1)  (2.5  tmy 


1(1)  (2.5  t  V 


.222  t^"2,2  1(1) 


therefore,  the  complete  Intensity  function  for  t  greeter  then 


for  t  <  t 


l(t)  -  J  .222  ta'2,2  l0(t-t#)  for  ta  s  t  s  2.5  t4  , 


for  <.5  ta  £  t 


This  behavior  Is  illustrated  In  Figure  B-l, 


FIGURE  B-l 
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Although  the  subsequent  analysis  will  use  Equation  B-8  to  represent 
the  intensity  function,  the  results  obtained  can  be  applied  to  situations 
involving  different  buildup  functions.  In  Appendix  A  (Chapter  III)  the 
process  of  applying  similar  results  to  intensity  functions  with  different 
buildup  functions  was  developed  for  the  analysis  of  decontamination 
effects  on  total  dose.  In  the  present  discussion,  the  analysis  is  concerned 
with  EM.  However,  if  the  fallout  deposition  is  completed  within  150  hours, 
then  the  ERD  can  be  set  equal  to  the  total  dose  throughout  the  deposition 
process.  For  this  case  where  the  deposition  interval,  1.5  tft,.  is  less  than 
150  hours,  or,  for  0  <  t  <  100  hours,  the  ERD  for  t  £  150  hours  may  be 
written  as: 

150  t 

D_(t)  -  W(t-150)  /  l(x)dx  +  /  W(t-x)  J.(x)dx  .  (B-9) 

K  o  150 

If  2.5  tfl  is  less  than  150  hours,  this  becomes,  using  Equation  B-8, 

150  t 

D  -  W(t- 150)  /  I(x)dx  d  /  W(t-x)  1(1)  x  ’  dx  .  (B-10) 

o  150 

Let  the  desired  alternative  intensity  function,  using  a  different  buildup 
function,  be, 

0  for  t  <  t* 

—  a 

I£(t)  for  t*  <  t  <  t*  <  150  (B— 11) 

I(X)t'1,2  for  t*  <  t 

c 

where  t*  is  Che  alternative  time  of  arrival  and  t*  is  the  corresponding 
time  of  deposition  cessation.  In  this  case  ERD  function  for  t  ^  150  Is; 


r 


i*d)  -  \ 
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(B-12) 


150  t  .  „ 

D*(t)  =»  W(t-150)  /  I*(x)dx  +  /  W(t-x)  I(l)t'1“£  dx 

R  o  A  150 

The  deaired  correspondence  is  obtained  by  setting  D^(t)  equal  to  D*(t), 

which  results  in  the  following  expression: 

150  150 

/  I(x)dx  =  /  I*(x)dx  .  (B-13) 

O  0 

This  expression  in  Appendix  A  is  reduced  to: 

■  rh"i(i)  /*°  *  l-u  qf'2  .  <*-w> 

t* 

a 

This  equation  establishes  the  proper  correspondence  between  times  of  arrival 
ta  used  in  the  subsequent  analysis  and  times  of  arrival  t*  of  alternative 
types  of  buildup  functions,  I*(t).  Using  this  correspondence,  examples  of 
which  are  presented  in  Appendix  A,  the  subsequent  results  may  be  applied 
to  intensity  functions  using  other  types  of  buildup  functions, 

C.  Weighting  Function 

The  weighting  function  W(t)  used  to  account  for  biological  repair  and 
recovery  is  given  in  References  B- 1  and  B-2  as  follows: 

Wx(t)  =  .1  +  .9  e‘,001t  .  (B-15) 

Tliis  function  is  shown  as  curve  W^(t)  in  Figure  B-2  along  with  an  approxi¬ 
mation  that  will  be  used  in  the  following  analysis: 

W(t)  -  .1  +  .9  (1  -  ,  00085t)  ,  (B-16) 

This  approximation  will  only  be  used  when  its  value  is  within  two  per  cent 
of  W^(t).  That  is ,  W(t)  as  given  in  Equation  B-16  will  be  used  when: 
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Wx(t)  -  W(t) 


<  .02  W,  (t)  . 


(B-17) 


This  condition  holds  when  t  is  between  0  and  400  hours.  It  will  be 
seen  that  the  maximum  1SD  occura  before  time  t  -  400  hours  if  the  time  of 
arrival  is  leBS  than  17  hours. 

D.  ERD  Function  without  Decontamination 

The  equations  developed  in  Sections  B  and  C  for  l(t)  and  W(t) 
respectively ,  can  now  be  incorporated  into  the  general  expression  for  ERD, 

t 

DR(t)  ■  /  W(t-x)  I(x)  dx  . 


First,  substitute  the  expression  for  W(t~x)  given  in  Equation  B-16  aa 
follows: 

DR(t)  -  /  Ql  +  .9  (jl  -  a  <t-x))]  I(X)  dx  .  (B-18) 

o 

Second,  substitute  the  expression  given  in  Equation  B-8  for  I(x)  and 
evaluate  the  resultant  expression  for  t  2.5  t^,  as  follows: 


2.5  t 


D„(t)  -  / 


+  ;  kdx 

2.5t 


22  ca"2'2  1(1)  (x-ta)j  £l  +  .9  (l  -  a  (t-x)] 
i*1*2  £l  +  .9  (\  -  a  (t-x^j  dx  .  (i 


dx 


Integrating  and  dividing  through  by  1(1),  this  equation  becomes,  for  t  £  2.5  ta, 

Vc>  , 

— —  -  -5t  ’  (l-.0009563t) 


KD 


+  4.413  t  ",2(l-.000365t  ) 
a  a 


(B-20) 


-  , 003376t  (t  '*2)  . 
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For  comparison,  the  corresponding  expression  determined  in  Appendix  A 
for  total  dose  is: 

DT(t>  -  2  -  2 

-  -  5t  +  4.413tfi  *  .  (B-21) 

These  two  equations  B-20  and  B-21  are  presented  in  Figure  B-3  to  illustrate 

their  behavior  for  selected  tines  of  arrival  (ta  ■  1,  2,  4,  and  8  hours). 

Although  the  subsequent  analysis  occasionally  will  be  concerned  with 

the  general  behavior  illustrated  in  Figure  B-3,  primary  interest  ia  the 

time  at  which  the  ERD  reaches  a  maximum,  t  ,  and  the  value  of  the.  ERD 

’  max’ 

maximum,  D  (t  ).  The  behavior  of  t  as  a  function  of  t  is  determined 
R  max  max  a 

by  taking  the  derivative  ^  DR(t)  anc*  setting  it  equal  to  eero.  This 
results  in  the  following  expression  for  t  x: 

t  "-2  +  262  t  ~1,2  -  .8825  t  ''2  .  (B-22) 

max  max  a 

A  graph  of  this  equation  for  t  between  .2  and  10  hours  is  presented  in 
Figure  B-4, 

Equation  B-2.2  (Figure  B-4)  and  Equation  B-20  can  now  be  combined  to 
show  the  maximum  ERD,  D_(t  ).  as  a  function  of  time  of  arrival,  t  .  The 
behavior  of  D^(tM]()  is  presented  in  Figure  B-5  for  times  of  arrival  between 
.2  and  10  hours.  From  Figure  B-5  the  maximum  ERD  that  an  individual  would 
experience  can  be  dete.rmined  for  any  predicted  1(1)  and  any  time  of  arrival 
between  .2  and  10  hours. 

For  the  present,  this  concludes  the  basic  analysis  of  ERD  without 
decontamination.  It  will  be  extended  later  on  in  the  analysis  concerned 
with  the  effect  of  decontamination.  Such  extensions,  when  they  occur,  will 
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appear  aa  the  limit  approached  as  the  decontamination  process  becomes 

less  and  less  effective.  For  the  present  it  Is  sufficient  to  have 

obtained  an  expression  for  DR(t),  Equation  B-20,  and  to  have  examined 

the  behavior  of  t  and  D„(t  ),  Figures  B-4  and  B-5  respectively, 
max  k.  max 

III.  ERD  WITH  DECONTAMINATION 

The  equations  discussed  in  the  preceding  chapter  were  developed  to 
describe  the  individual's  maximum  ERD  as  a  function  of  the  fallout 
intensity  characteristics  at  the  individual's  location  in  the  absence 
of  any  decontamination  operations.  In  this  chapter,  the  intensity 
function  will  be  modified  to  include  the  effect  of  a  decontamination 
operation  (Section  A).  Then,  in  Section  B,  the  ERD  function  will  be 
redeveloped  using  the  modified  Intensity  function.  Finally,  in  Section 
C,  the  maximum  ERD  with  decontamination  will  be  developed.  By  comparing 
this  maximum  ERD  function  with  the  maximum  ERD  function  without  decontami¬ 
nation  (Chapter  II)  it  will  be  possible  to  determine  the  effect  on  an 
individual's  maximum  ERD  brought  about  by  a  decontamination  operation. 

Although  the  present  discussion  refers  solely  to  decontamination 
operations,  the  equations  and  analysis  apply  to  any  operation  that  affects 
the  intensity  in  a  manner  similar  to  that  in  which  decontamination  is 
assumed  to  affect  the  intensity. 

A.  Intensity  Function  with  Decontamination 

Decontamination  has  been  referred  to  as  "the  action  to  reduce  Che 
dose  rate  in  one  area  by  removing  the  fallout  contaminant  from  the  area 
or  by  burying  it  within  the  area"  (Reference  h-l).  In  the  subsequent 
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analysis,  interest  is  restricted  to  the  tine  at  vhlch  the  action  takes 
place  and  to  the  reduction  in  Intensity  brought  about  by  the  action,  In 
reality,  such  a  reduction  in  Intensity  is  achieved  over  some  finite  time 
interval  required  for  the  performance  of  the  action.  For  the  etialysia 
in  this  paper,  this  process  will  be  modeled  by  an  idealized  process 
whereby  the  reduction  in  intensity  occurs  instantaneously  at  time  tj 
where  is  the  time  of  decontamination  in  hours  after  detonation,* 

The  intensity  reduction  brought  about  by  the  decontamination  operation 
Is  called  the  decontamination  effectiveness,  .  If  the  intensity  in 
the  absence  of  any  decontamination  operation  is  I(t)  for  t  J  0  and  if  the 
intensity  after  decontamination  is  performed  is  ld(t)  for  t  £  t.,  then, 

Id(t)  -  fdI(t>  (B*23') 

for  all  t  greater  than  td,  the  decontamination  time.  In  the  same  sense 
that  I(t)  is  the  intensity  measured  at  the  individual's  location,  the 
decontamination  effectiveness,  £d,  is  measured  at  the  individual's  location, 
and  in  general,  1b  not  measured  where  the  decontamination  action  actually 
takes  place  (i.e,,  outside  the  facility  wherein  the  Individual  Is  located). 
In  the  analysis,  fd  will  vary  between  0  (perfect  decontamination)  and 
1  (completely  ineffective  decontamination).  Furthermore,  i-d  will  always  bs 
greater  than  t  -  2.5  ta  (time  of  deposition  cessation)  and,  in  this  study, 
less  than  the  time  at  which  the  individual's  maximum  ERD  is  reached. 

•X‘ 

In  Reference  B-2,  Chapter  II,  the  problem  of  selecting  a  proper  td  to 
correspond  to  a  real  situation  Is  discussed  in  detail.  For  the  majority 
of  cases,  it  is  sufficient  to  select  as  td  the  center  of  the  real  process 
time  Interval.  " 
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then  the  decontamination  operation  does  not 


Obviously,  if  t .  >  t  , 

’  d  “  max’ 

affect  the  individual's  maximum  ERD. 

Prior  to  the  time  of  decontamination,  tj,  the  intensity  at  the 
individual's  location  is  given  by  Equation  B-8.  After  t^,  the  intensity 
becomes  times  the  intensity  given  by  Equation  B-8.  That  is,  if  a 
decontamination  operation  whose  effectiveness  is  takes  place  at  time 
tj,  then  the  appropriate  intensity  function,  X(t),  is: 

r0  for  0  <  t  <  t# 

I(t)  -  /  .222  ta‘2,2  1(1)  (t-ta)  for  t4  S  t  <  2.5  tfl 

I  I(l)t'1,2  for  2.5  tt  £  t  <  tj 

V,  fjKUt*1-2  for  td  £  t 

This  behavior  is  illustrated  in  Figure  B-6. 


In  Figure  B-6,  a  dotted  line  labeled  "real"  has  been  Included  to 
illustrate  the  effect  on  intensity  behavior  of  a  decontamination  process 
that  takes  a  finite  time  to  conduct.  The  error  In  intensity  that  arises 
from  the  instantaneous  action  model,  although  significant  in  the  intensity 
function,  will  be  insignificant  in  the  ERD  function,  DR(t),  when  t  ia 
greater  than  tg  shown  in  Figure  B-6, 

B.  ERD  Function  with  Decontamination 

The  general  expression  for  ERD  with  decontamination  can  be  developed 
by  merely  substituting  the  expression  for  I(t)  given  in  Equation  B-24  into 
Equation  B-2.  This  substitution  results  in  the  following  equation  for  ERD 
with  decontamination, 

2. 5t 

DR(t,ta,td,fd)  -  /'  a  W(t-x)  .222  ta'2-2  1(1)  (x-ta)  dx 

& 

+  /  d  W(t-x)  I(l)x"1,2  dx  (B-25) 

2.  5t 

a 

^  - 1  7 

+  ;  w(t-x)  f.  i(i)x  dx  . 

fcd 

As  in  Equation  B-18,  the  weighting  function,  ,1  +  . 9(1-. 00085 (t-x)), 
which  accounts  for  biological  repair  and  recovery,  next  to  substituted  for 
W(t-x)  in  Equation  B-25,  When  this  substitution  is  made  and  the  expression 
in  integrated,  the  ERD  function,  for  t  £  t^,  reduces  to: 


— - ,  (4, 413  ta  -l)  (i-,000365  t&) 


-  5  fdf'2  (1-,  0009563  t) 


(B-26) 


-  .003376 


t  t/-2  -  1.133  (l-fd>  td‘*2j  . 


On  the  basis  of  this  equation,  an  individual's  ERD  can  be  determined 

for  specified  combinations  of  t  ,  fd>  td,  and  t.  The  only  restrictions  are 

that  t  be  less  than  17  hours  and  that  t,  be  greater  than  t  ■  2.5  t  .  In 
a  d  c  a 

the  subsequent  section,  this  ERD  function  will  be  examined  to  determine  the 
behavior  of  the  individual's  maximum  ERD.  In  Section  IV,  this  maximum  ERD 
as  a  function  of  td  and  fd  will  then  be  compared  with  the  maximum  ERD  that 
would  be  received  without  any  decontamination  for  a  set  of  selected  times 
of  arrival. 

C.  Maximum  ERD  with  Decontamination 

In  thiB  section  the  ERD  function  developed  in  the  previous  section  is 

evaluated  to  determine  the  behavior  of  the  individual's  maximum  ERD  as  a 

function  of  tfl,  td>  and  f^.  lo  achieve  this,  first,  an  expression  is 

derived  to  indicate  the  time  of  the  maximum  ERD,  t  ,  as  a  function  of 

these  variables.  Next,  the  behavior  of  the  expression  involving  t  is 

analyzed  and  the  actual  time,  t  ,  is  computed  as  a  function  of  t.  for 

max  d 

selected  f . ' 8  and  t  's.  Finally,  the  maximum  ERD  is  determined  as  a 
d  a 

function  of  tj  for  these  selected  f d ' s  and  ta's  by  substituting  the  appro¬ 
priate  combinations  of  t^^,  f^,  td,  and  t  into  Equation  B-26. 

1 .  Derivation  of  Expression  for  Time  of  Maximum  ERD 

In  order  to  compute  the  magnitude  of  the  maximum  ERD  as  a  function 


E-19 


of  t^ ,  td>  and  from  Equation  B-26,  it  ia  first  necessary  to 

determine  the  time  of  maximum  ERD.  t  *  as  a  function  of  these 

max 

variables.  The  general  behavior  of  t  „  «e  a  function  of  t  ,  t. , 

max  a  a 

and  is  obtained  by  first  differentiating  Equation  B-26.  This 
derivative  is  as  follows: 


1 _ 

1(1) 


dt 


t 


1,2  +  , 003825t” * 2  -  .003825td 


-.2 


003376  t  *  +  .003825  t, 

a  a 


-.2 


— 

-.2 


(B-27) 


for  td  £  t. 

The  expression  for  the  time  of  the  maximum  ERD  as  a  function 
of  tflI  td,  and  fd  can  be  obtained  for  td  <  tmax  by  simply  equating 
this  derivative  to  zero  and  replacing  t  by  t  x.  This  results  in 
the  following  expression: 


fJ(t  ~’2  +  262  t  _1,2)  -  .8825  t  ",2 
d '  max  max  a 


-  (l-fd)  (Ld-*2)  .  (B-28) 


where  t  is  the  time  in  hours  at  which  the  ERD  is  a  maximum, 
max 

2.  Bohavior  of  the  Time  of  Maximum  ERD 

Before  numberieally  evaluating  t  in  Equation  B-28  as  a 

function  of  t..  and  t  ,  it  is  worthwhile  to  observe  the  behavior 
a  a  a 

of  t  when  f,  and  t.  are  allowed  to  vary  and  t  is  held  invariant, 
max  d  d  a 

This  operation  is  necessary  because  Equation  B-28  does  not  produce 

the  correct  t  for  certain  combinations  of  f ,  and  t,.  The  reason 
max  d  d 
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for  this  may  be  seen  in  Equation  B-26,  Equation  B-26  Is  only  valid 
for  t  >  tj.  Therefore,  Equation  B-27  is  only  valid  for  t  £  t^  and 
Equation  B-28  is  only  valid  for  t  >  t..  Although  mathematically 

RmX  u 

valid  for  -  go  <  t*.  <  «  and  therefore  all  f. ,  t.  combinations, 

max  d  a 

Equation  B-28  only  applies  to  the  physical  situation  when  t  ^  t^. 

Therefore,  It  is  useful  to  examine  the  behavior  of  t  as  a  function 

of  tj  and  f^  and  to  determine  the  range  of  td>  f^,  combinations  such 

that  t  can  be  determined  from  Equation  B-28. 
max 

When  Equation  B-28  is  a  valid  expression  for  t  ,  It  can  be 

max 

seen  that; 

(1)  for  fixed  f, ,  as  t.  increases,  t  decreases,  and 

a  q  max 

(2)  for  fixed  t. ,  as  f,  decreases,  t  decreases, 

d*  d  ’  max 

Those  two  observations  lead  to  the  behavior  of  t  as  a  function 

max 

of  t^  and  fd  as  follows: 

(1)  First,  fix  f^  at  fj|  and  examine  tmax  (t^)  (see  Figure  B-7). 

As  t,  increases,  t  decreases  until  Point  A  is  reached 
<1  max 

when  t.-t  .  Denote  this  time  of  maximum  (i.e.,  minimum 
a  max 

t  svich  that  t  -t  )  by  t*  and  this  t.  by  t$,  There- 
max  d  max  max  d  '  d 

fore,  at  Point  A,  ti"t.*t  “t*  ,  As  t,  increases  beyond 

'  '  d  d  max  max  d  J 

tA,  t  also  increases  at  the  same  rate  until  Point  B  is 
d'  max 

reached.  That  is,  along  the  path  AB,  t  x  is  equal  to  t^. 

At  Point  B,  t  is  the  same  as  the  time  of  maximum  without 

decontamination.  Denote  this  time  of  maximum  by  t  .  When 

J  mw 

t.  is  greater  than  t  ,  the  maximum  will  not  be  affected  by 
d  °  mw’ 

the  decontamination  operation  because  the  maximum  was  reached 
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before  t..  Therefore,  as  t,  increases  beyond  t ,  t 

u  u  Dm  max 

rssaias  eouai  to  t 

’  mw 

FIGURE  B-7 


Uis&i  si  x d-a 


(2)  Second,  fix  td  at  t|  and  examine  t  (f^)  (see  Figure  B-8). 

When  fd-l.Q,  the  decontamination  operation  is  conpletely 

ineffective  and  t  occurs  at  t  as  it  would  in  the 
max  mw 

absence  of  any  decontamination.  As  f^  decreases  from  1.0, 

t  decreases  until  Point  A  is  reached.  Point  A  is  the 
max 

place  where  t  becomes  equal  to  t*  Denote  this  time  of 
1  max  d 

maximum  (i.c.,  minimum  t  such  that  t  “tj)  by  t*  and 

max  max  a  max 

this  by  fjj.  As  f^  decreases  below  fj,  t  remains 
unchanged  and  equal  to  t*  . 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

r 

i 

i 

i 

i 

i 


B-22 


FIGURE  B-8 


The  important  aapecta  to  be  inferred  from  theae  illuatrationa  are: 

(1)  For  a  given  t  and  a  pre-aalected  td,  called  tj,  there  la 
an  fj  auch  that  for  any  fd  5  f J  neither  the  time  nor  the 
magnitude  of  the  maximum  F.RD  will  be  decreaaed  below  that 
achieved  by  using  fj.  For  any  f^  >  fj  the  maximum  KRD 
can  be  reduced  by  applying  a  more  effective  f^. 

(2)  For  a  given  t#  and  a  pve-aelected  £d,  called  fj,  there  la  a 
tj  such  that  for  any  t^  £  tj,  the  time  and  magnitude  of  the 
maximum  ERD  will  be  the  same  aa  the  time  and  magnitude  of 
the  ERD  at  the  moment  when  the  decontamination  operation 
takes  effect  (t^). 

Then  f*.  tjj  combinations  can  be  determined  by  aetting  fd"fj  and 

t  -t.-t$  in  Equation  B-28  (which  gives  t  as  a  function  of  t  , 
max  d  d  '  max  a* 

tj,  and  f^).  Thib  substitution  results  in  the  following  equation  for  £J 


B-  23 


.8825  t  ~'2  -  f*T'Z 

l*  -  - - - - for  t*  >  2.5  t  (B-29) 

d  262  tj  ’*•*  “  " 

Thus,  this  equation  represents  the  lowest  value  of  f.  (that  is, 

a 

f^j)  that  must  be  considered  in  determining  the  time  and  magnitude 

of  maximum  ERD  for  any  combination  of  t^  *  tj  and  tg.  It  will  be 

used  In  the  subsequent  section  to  establish  boundaries  in  evaluating 

t  as  a  function  of  t  ,  t, ,  and  £,.  In  addition,  from  an  operational 
max  a’  d’  d 

standpoint,  the  fij  represents  the  most  effective  f^  for  a  given  t# 
and  tj.  That  is,  any  above  the  fj  indicated  by  this  equation  for 
a  given  t  and  will  result  in  a  higher  maximum  ERD.  Any  better 
(smaller)  f^  will  not  reduce  the  maximum  ERD  below  that  achieved  by 
using  £J.  This  equation  is  graphed  in  Figure  B-9  which  gives  PJ  as 
«  function  of  t%  for  selected  t  's  of  l,  2,  3,  5,  7  and  9  hours, 

3.  aalufckaa  toy.  t,„ax 

As  previously  mentioned,  t  can  be  determined  for  various  t  , 
r  ’  max  a* 

and  t.^,  and  cwnbinations  from  Equation  B-28  for  trf  <;  t.  The  only 

other  constraints  that  have  been  placed  on  the  operation  are  that 

t.  >2.5  t  and  t  <  17  houro.  For  the  purpose  of  this  analysis  t 

is  determined  as  a  function  of  t,  for  selected  t  's  and  f  . 's  in  the 

d  ad 

following  manner. 

The  right  side  of  Equation  B-28  can  be  expressed  as 


x  -  .8825  ta‘-Z  -  (l-fd)  t/-2 


(B-30) 


and  similarly  the  left  side  can  be  expressed  as. 


x  =  f  ,(t  '’2  +  262  t  "1,2>  ‘  . 

d  mex  max 


(B-31) 


B-2^i  - 


1,00 


By  fixing  c  In  Equation  B-30,  t j  can  be  graphed  as  a  function 

of  x  for  selected  fd'».  Figures  I- IQa.B- 10b.  and  B- 10c  show  x 

as  a  function  of  for  f^'s  of  .05,  .2,  .4,  .6,  and  ,8  for  ta'j  of 

1,  3,  9  hours  respectively.  From  Equation  B-31,  tMy  also  can  be 

graphed,  as  Is  done  in  Figure  B-ll,  as  a  function  of  x  for  tha  same 

f  ,'s.  From  Figures  B-lOa,  B-lOb,  and  B-lOc,  the  value  of  x 
a 

corresponding  to  a  fixed  t^  and  the  desired  combination  of  f^  and  t^ 
can  ba  determined.  The  t  corresponding  to  this  combination  can 

TflAX 

then  be  determined  by  locating  this  value  of  x  in  Figure  B-ll  for  the 

same  f^,  and  then  reading  the  appropriate  t 

To  asaure  that  the  pre-aelected  is  less  than  or  equal  to 

for  the  particular  fd  of  interest,  Equation  B-29  or  Figure  B-9  nuat 

be  used.  As  previously  discussed,  the  fj  given  by  this  equation 

represents  the  minimum  value  of  that  must  be  conaldered  for  a  given 

t,.  Therefore  to  assure  that  the  selected  t .  <  t  for  the  desired 
u  a  — ’  mix 

f^,  fj  must  be  equal  to  or  greater  than  for  that  t^.  This  can 

readily  be  determined  from  Figure  B-9  for  selected  cases.  For  example, 

If  tfl®l  and  the  selected  t^  is  50  hours,  then  ■  .18.  For  any  S 

for  td  -  50  hours,  t^^  vill  be  equal  to  tj.  Therefore  only  those 

f,  >  .18  should  be  considered  for  a  t.  of  50  hours  and  t  of  1  hour, 
d  o  a 

Through  the  use  of  the  above  procedure,  as  a  function  of  tj 

has  been  determined  for  various  f.'s  and  t  'a.  The  results  are 

c  a 

summarised  in  Figures  B- 12a,  B-12b,  B-12c,  for  t  ■  1,  3,  9  hours 
respectively.  In  each  of  these  figures,  is  given  for  a  fixed 

ta  as  a  function  of  td  for  fd's  of  0,  .05,  .2,  .4,  .6  and  .8.  Both 
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t  and  ace  expressed  In  hours  after  the  time  that  deposition 
of  fallout  ceases  (i.e.,  t  -  2.5  t  and  t.  -  2,5  t  ).  The  f .  ■  0 

AAX  ft  a  ft  u 

curves  in  these  figures  were  derived  by  simple  application  of  the 

fact  that  when  all  fallout  is  removed  at  a  given  t^,  the  maximum 

ERD  will  occur  at  that  t.^.  That  is,  for  all  points  on  the  -  0 

curves  t .  -  t  .  The  point  of  Intersection  of  a  given  f .  >  0  curve 
a  max  a 

with  the  fd  -  0  curve  Indicates  that  If  decontamination  is  delayed 
until  this  time,  any  smaller  f^  would  not  decrease  the  maximum  ERD. 

'»•  Computation  of  Maximum  ERD 

The  magnitude  of  the  maximum  ERD  can  be  computed  by  substituting 
the  desired  combinations  of  ta,  trf,  and  f  Into  Equation  B-26  along 
with  their  corresponding  t^^s.  Theoe  t^'s  as  previously  discussed 
are  given  as  o  function  of  td  by  Figures  B-12a  -  B-12c  for  selected 
t#'s  and  fj's.  Equation  B-26  has  been  evaluated  for  selected  ta's 
and  f^'s.  These  results  are  graphically  summarized  in  Figures  B-13a, 
B-13b,  and  B-13c  in  the  next  section.  The  maximum  ERD  without 
decontamination  is  presented  as  a  function  of  for  (right-hand  scale) 
tfl  ■  1,  3,  and  9  and  f^  -  0,  .2,  .4,  .6  and  .8  for  each  ta>  Since  1(1) 
has  been  normalized,  these  curves  allow  computation  of  maximum  ERD  for 
any  combination  of  1(1)  and  PF  as  long  as  the  individual  remains  in 
the  same  fallout  field  and  at  the  same  PF  in  which  he  first  began 
accumulating  radiation  dose. 
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IV.  REDUCTION  IN  ERD  DUE  TO  DECONTAMINATION 


A.  Introduction  and  Derivation 

Wie  previous  derivations  and  evaluations  of  the  ERD  with  and  without 
decontamination  provide  a  basis  for  ascertaining  the  value  of  decontamination 
(or  similar  operations)  in  reducing  potential  dose  as  a  function  of  tft,  t^, 
and  fj.  This  value  can  be  conveniently  measured  by  forming  the  ratio  of  the 
maximum  ERD  with  decontamination  to  that  with  no  decontamination,  as  follows: 


R  m  max  ERD  with  decontamination 
max  ERD  without  decontamination 


VSnax^W 


(B-32) 


whc  e  R  is  denoted  as  the  value  ratio.  The  evaluation  of  R  is  given  by 

appropriately  combining  the  results  of  Sections  II  and  III, 

More  specifically,  the  maximum  ERD  without  decontamination,  D^t^,^), 

is  given  as  a  function  of  when  Equations  B-20  and  B-22  are  properly 

combined  and  evaluated  at  the  time  of  maximum  ERD  without  decontamination. 

The  analogous  results  for  the  maximum  ERD  with  decontamination,  D„(t 

’  R'  m’  a’  d*  d'’ 

arc  given  by  Equations  B-26  and  B-28  ns  a  function  of  t  ,t,,  and  f..  By 

a  d  a 

evaluating  these  expressions,  the  value  of  decontamination  in  reducing  dose 
is  obtainable.  For  this  analysis  R  will  be  evaluated  as  a  function  of  t^ 
for  those  t  's  and  f , 's  for  which  the  numarator  and  denominator  of  Equation 
B-32  have  previously  been  determined  in  Sections  II  and  III. 

The  summarized  results  for  R,  determined  l>y  combining  the  values  of 
maximum  ERD  from  the  right-hand  scale  of  Figures  B-13a,  B-13b,  and  B-12c  with 
those  of  Figure  B-3,  are  presented  in  Figures  B-13a,  B-13b,  B-13c  (left-hand 
scale).  The  reduction  in  ERD  due  to  decontamination  is  given  as  a  function 
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of  t  and  tor  f.  -  Oy  .2.  .4,  .6,  and  .8  for  tiaoh  t  (t  •  1,  3,  and  9 
hours).  This  reduction  is  expressed  in  terms  of  the  fraction  of  the 
dose  that  would  be  received  if  decontamination  is  activated.  Time  of 
decontamination  is  given  both  us  time  aftpr  detonation  (t^)  and  time 
after  the  time  at  which  fallout  deposition  ceases  (t^  -  2.5  tfl). 

B.  Discussion  of  Results 

Primarily,  these  results  allow  a  simple  and  "uncluttered"  view  of 
the  effectiveness  of  decontamination  In  reducing  radiation  doae  (ERD) 
over  most  of  the  spectrum  of  important  environmental  parameters.  In 
addition,  they  Indicate  the  precise  trade-offs  between  these  parameters 
for  a  specified  fractional  reduction  in  ERD.  For  example,  for  t#  of  1 
hour,  fj  of  ,fi,  activated  at  24  hours  after  cessation  of  fallout  is 
equivalent  to  f^  ol  zero  ut  97  hours  (estimated  from  Figure  B-13a), 

In  Interpreting  thenc  results  is  ia  worthwhile  to  hear  in  mind  that 
they  are  applicable  not  only  to  decontamination,  but  any  countermeasure 
which  reduces  th*>  Intensity  in  the  Bame  manner,  (i.e.,  when  the  counter¬ 
measure  affects  the  intensity  the  same  as  the  defined  i ^  hove in).  It 
should  be  noted  that  these  mathematical  results  are  independent  of  the 
level  of  initial  intensity  considered  for  the  individual  or  the  PF  of  the 
shelter  in  which  he  is  located  when  he  begins  to  accumulate  dose.  For 
practical  application,  however,  the  ERD  roust  remain  below  200  R.  It  la 
also  assumed  that  he  remains  in  the  same  location  throughout  the  time 
of  interest  (i.e.,  he  remains  in  the  same  inside  intensity  field  as  the 
one  in  which  he  first  began  accumulating  any  dose). 
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Appendix  C 


Total  Doge  Approximations  for  Brief 
Exposure  in  a  Fallout  Environment 

1.  INTRODUCTION  AND  SUMMARY 

A.  Total  Dose  Expression 

The  modeling  and  analysis  of  operations  In  a  fallout  environment  often 
requires  an  expression  for  the  total  doae  received  by  an  Individual  over  a 
finite  Interval  of  time.  When  the  Individual  is  located  in  a  facility  whose 
protection  factor  la  PF,  the  rate  at  which  he  accumulates  dose  Is  given  by 
the  expression 

I(t)  ■  ~ppP  t  k  roentgens /hour  (C-l) 

where  t  is  the  time  after  detonation  In  hours,  k  is  the  d  >cay  constant 
(usually  set  equal  to  1.2),  and  1(1)  is  the  t  ■  1  reference  dose  rate  in 
the  fallout  field  where  the  facility  is  located.  The  total  dose  received 
by  an  individual  during  the  time  he  la  In  the  facility  is  normally  obtained 
by  Integrating  the  dose  rate  over  this  same  period  of  time.  If  the  individual 
Is  In  the  facility  from  time  tg  to  time  tfi  +  At,  then  the  dose  received  is 

t  +  At 

D<te,  At)  -  /  I(t)  dt 

Ce 

-  (t^  k  -  (tg  +  At)L*k)  roentgens  (c-2) 

where  k  >  1  is  assumed.  Although  the  process  used  to  obtain  thia  expression 
tor  total  dose  la  simple,  the  expression  itself  is  quite  cumbersome  for 


C-l 


many  applications  (for  example,  in  determining  t  as  a  function  of  1(1), 

PF,  k,  At,  and  the  total  dose,  D). 

Many  difficulties  associated  with  the  expression  for  total  dose  given 

in  Equation  C-2  can  be  eliminated  by  using  an  appropriate  approximation  for 

the  total  dose  received.  This  study  considers  two  approximations  that 

eliminate  some  of  the  difficulties.  The  two  approximations  that  will  be 

considered  are  illustrated  in  Figure  C-l.  For  comparison,  the  "true"  total 

dose  is  also  illustrated  in  Figure  C-l.  It  will  be  shown  that  the  accuracy 

t 

of  both  approximations  depends  on  the  size  of  the  ratio  ^  and  on  the  value 

of  k.  As  the  ratio  increases,  the  accuracy  Increases.  This  study  examines 

this  accuracy  of  the  two  approximations  in  detail  and  presents  aevaral  curve* 

t 

that  illustrate  the  behavior  of  the  error  when  and  k  are  allowed  to 

At 

vary. 

B.  First  Approximation 

In  the  firat  example,  the  total  dose  received  from  time  to  time 

t£  +  At  is  approximated  by  multiplying  the  duration  of  the  exposure  Interval, 

At,  by  the  dose  rate  at  the  center  of  the  interval,  I(t  +^“).  If  this 

G  4 

approximation  Is  called  D^(te,  At),  then 

D1(te,  At)  *  — (te  4  k  At  roentgens  .  (C-3) 

VD 

The  error,  6j  “  -g — ,  that  results  when  this  approximation  (Equation  C-3) 

is  used  to  determine  the  total  dose  is  derived  in  Section  II  and  the  results 

t 

0 

are  displayed  in  Figure  C-2  as  a  function  of  the  ratio  —  .  In  the  derivation 

section  it  is  shown  that  the  resultant  error  d, ,  decreases  toward  zero  as 
t  1 

g 

the  ratio  — -  increases.  Therefore,  when  one  is  concerned  with  a  range  of 

AC 
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values  of  ~  ratios,  the  error  is  always  less  than  the  error  associated  with 
At  t  c 

the  smallest  — r  ratio  in  the  range  of  interest  (a  range  of  values  of  — 

At  At 

ratios  will,  be  the  case,  for  example,  when  t  is  being  determined  as  a 

function  of  At  end  D.  (t  ,  At)).  In  Figure  C-2  when  k  «  1.2,  the  error  that 
t  . 

results  when  ~  is  equal  to  2.85  is  seen  to  be  .01  (IX).  That  means  that 
t  At 

g 

for  any  —  greater  than  2.85,  the  resultant  error  will  always  be  leee  then 

AC  t 

1%.  Similarly,  if  —  ia  greater  than  1.0,  then  the  error  will  always  be 
less  than  .052  (5.2%)  when  k  -  1.2. 


As  a  second  example,  the  total  dose  received  from  time  tfi  to  time 
t£  -4-  At  can  be  approximated  by  multiplying  the  duration  of  tha  exposure 
Interval,  At,  by  the  dose  rate  at  the  beginning  of  the  Interval,  I(te). 
If  this  approximation  is  called  D2(te,  At) »  then 

D2(te,  At)  -  (te)‘k  At  roentgene  .  (C 


Hie  error. 


that  results  when  this  approximation  (Equation 


C-4)  i 8  used  to  determine  the  total  dose  is  derived  in  Section  III  and  the 

results  are  displayed  in  Figure  C-3.  This  figure  gives  the  error  as  a 

ce 

function  of  the  ratio,  — ,  for  s  set  of  decay  constants,  k.  In  Section  III 

A  t 

this  error  is  shown  to  decrease  toward  eero  as  the  ratio  —  increases.  For 

At 

an  example  of  the  actual  error,  when  k  ■■  1.2,  the  error  that  results  when 

t 

—  is  equal  to  7.7  is,  from  Figure  C-3,  equal  to  .07  (that  is,  7%).  That 
t 

means  that  for  any  —  greater  than  7.7,  the  resultant  error  will  always  be 
less  than  77... 


D.  Summary  of  Examples  of  the  Use  of  the  Approximations 

use  of  these  approximations  to  achieve  simple  -sxnrfi&s ions  that  are 
applicable  for  operations  analyses  and  planning  is  illustrated  In  the  final 
section  of  this  paper.  There,  the  problem  of  determining  the  earliest  time, 
tg>  of  activity  resumption  or  initiation  is  investigsted.  Expressions  for 
tg  are  developed  to  show  the  effect  on  of  changing  the  activity  duration, 
the  fallout  field  characteristics  (1(1)  and  k),  and  the  allowable  doae  to  b& 
received  In  the  performance  of  the  activity. 

Finally,  this  entry  time  is  determined  when  radiological  countermeasure 

operations  such  as  decontamination  are  used  to  accelerate  the  recovery  process 

by  shortening  the  above  entry  time.  When  a  countermeasure  operation  leads 

to  a  reduced  entry  time  (with  the  allowable  dose  remaining  unchanged),  the 

amount  of  that  time  reduction  is  called  the  "time  saved11  in  resuming  or 

initiating  a  particular  activity.  By  using  the  first  approximation  (Equation 

C-3)  this  time  saved,  X  ,  is  derived  as  the  product  of  the  maximum  possible 

time  saved  and  per  cent  savings  realized.  The  maximum  possible  time  saved 

is  Uiu  Lime  that  would  be  saved  if  the  countermeasure  operation  were  ideal 

(for  decontamination,  complete  removal  of  all  fallout  material).  This 

maximum  possible  time  saved--a  function  of  activity  duration,  At,  and 

allowable  dosc--is  displayed  in  Figure  C-7.  As  shown  in  Section  IV,  when 

the  allowable  dose  is  fixed,  the  maximum  possible  time  saved  is,  indeed,  not 

equal  to  t  (without  decontamination)  but  rather  is  equal  to  t  +  The 

e  e  z 

per  cent  savings  realized  is  the  per  cent  of  the  maximum  that  is  achieved 
with  a  non- ideal  countermeasure.  This  per  cent  savings  realized--  a  function 
of  the  countermeasure  effectiveness  (defined  in  Section  III)--is  displayed 
in  Figure  C-8, 


XI.  FIRST  APPROXIMATION  ERROR  ANALYSIS 


Using  the  symbols  defined  in  the  preceding  section,  the  actual  total 


dose  received  between  time  t  end  t  +  At, 

e  e 


D(te,  At)  ■»  "  '  (te  +  ^  ^  » 


1-k 


,1-k. 


(C-2) 


is  to  be  approximated  by  the  following; 


(tg  ,At>  -  (te  +  ^p)"k  At 


(C-3) 


The  error,  Ej,  that  results  when  D^t^,  At)  is  used  in  place  of  D(t#,  At) 
is  defined  as  follows; 

|D(te,  At)  -  D1(te>  At) 


1  - 


D(te,  At) 


P^V  At) 


»  (te.  At) 


(C-5) 


(C-6) 


To  determine  the  error,  Ej,  it  is  convenient  to  analyte  Che  ratio  R^,  where 

(C-7) 


R,  - 


P(te,  At) 


1  D^tg,  At)  ’ 

^  <‘e'k-  Ct#  +  At)l‘k)(t-+¥)k^ 


(C-8) 

(C-9) 


In  Equation  C-9,  let  *  a.  Furthermore,  let  tfi  >  At  so  that  a  >  I  will 


-  C-8 


bound  the  range  of  a  in  the  subsequent  analysis.  Equation  C-9  becomes 


*1  “  <£7>  (»1_k  -  (l+a)1_k)(7+  a)k 


(C-10) 


Because  k  >  1  and  a  >  1,  It  is  obvious  that  >  0.  Additional  Information-- 
that  R^  approaches  1  as  a  increases--may  be  learned  by  changing  the  form  of 
the  expression  for  R^  in  Equation  C-10  to 


R1  ’  (kS>  (~T>k  <(1  +  a>k‘1  -  » 

l-r1 

a 


(C-U) 


and  then  replacing  the  last  two  terms  by  the  appropriate  power  series  as 


follows : 


b  ■  <'1>'  $  (l(fen>'>  «&>  <l;l>  »*>  -  »  rc’l2> 


(l  .  _Js _ +  — H.Ck U _ 

2(n+l)  2!  (2(a+l))2 


-  ...)  (1  +  a)  (i  +  +  ...)  (C-13) 


°  21s2 


From  Equation  C-13,  it  can  be  seen  that,  for  fixed  k  ,  k  >  1,  the  value  R^ 

approaches  1  as  the  ratio  a  *  TT  increases. 

At  t 

A 

In  addition,  R.  monotonically  decreases  toward  l  as  the  fraction  a  • 

i  At 

increases,  This  can  be  seen  by  examining  the  derivative  of  with  respect 
to  a  as  follows: 

d  R, 

IT  m  2  (kTl')  (a  +  |>k'1  (a+l)'k  ((1  +  ^-)k  (1  +  2a  -  k)  -  (l+2a+k))  (C-14) 


In  the  right  hand  side  of  Equation  C-14,  the  first  four  factors  are  always 

positive.  Therefore,  it  id  only  necessary  to  show  that  the  one  remaining 
1  k 

factor,  C Cl  +  — )  (l+2a-k)  -  (l+/.a+k) ) ,  is  always  negative.  Call  this  factor  F. 

ft 


C-9 


To  show  that  F  <  0  for  the  k'a  of  interest  in  this  paper  (1  <  k  <  4),  expand! 
Ik  k  1 

(1  +  -)  in  a  power  series,  £  {  )  — ,  and  retain  only  the  first  group  of 

n  r*0  r  ar 

consecutive  positive  terms  as  follows: 


for  1  <  k  <  2 


F  <  (1  +  -  +  (l  +  2a  -  k)  -  (1  +  2a  +  k) 

*  2 :  & 

<  (k2  -  2k  +  1) 

2a 

<  -~  (k  -  l)2  <  0 

2a 


(C-15) 

(C-16) 

(C-17) 


for  2  <  k  <  3 


F  <  (1  +  -  +  +  (1  +  2a  -  k)  -  (l  +  2a  +  k)  (C-18) 

"  2',  n  3!  aJ 


<  -~r  (-k3  +  (4-a)k2  -  5k  +  2  +  a) 
”  31  a- 


<  (1  -  k)  (k  +  (a-3)  k  f  2  +  2) 

~  31  aJ 

<  (1  -  k)  <<k  -  1)  (k  -  2)  +  a(k  +  1))  <  0 
3!  aJ 


(C-19) 

(C-20) 

(C-21) 


for  3  <  k.  <  4 


F  <  (1  +  -  +  +  ktk-1)Ck-2)0t-3))(1+2a.k)  .  (l+2.+k)' 

8  2!  a2  3!  a3  4!  a*  (C.22) 

<  <(k3  +  (2a  -  6)k2  +  (4a2  -  2a  +  11)  k  +  (4a2  -  4a  -  6))  (C-23) 

4!  a 


k(l-k) 

4.-  a4 


((k  -  1)  (k  -  2)  (k  -  3)  +  2a  (k  -  2)  (k  -  1)  +  4a*  (k+l))<  0 

(C-24) 


C-10  - 


dRj 

Therefore.  — —  is  negative  when  k  is  the  range  of  interest,  1  <  k  <  4,  and 

da 

when  a  >  1.  Because  this  derivative  is  negative,  monotonieally  decreases 
toward  1  as  the  ratio  a  ■  “  increases.  In  terms  of  the  error,  E^,  as 
decreases  toward  1,  its  reciprocal  Increases  toward  1  and  therefore,  the 
error  decreases  toward  zero.  The  actual  error  is  easily  determined  by 
combining  Equations  C-fi,  C-7,  and  C-10  as  follows: 


El" 


l-i- 


‘-k  ■ 


Jlz-L. 


(fh»)k  (a1_k  -  (a+l)1*11) 


(C-25) 

(C-26) 

(C-27) 


To  compare  E^  with  R^,  let 


Rj  -  1  + 


(C-28) 


so  that 


1 


1  -  6, 


2  3 

■  5^  +  6^  ~ 


<  &! 


(C-29) 

(C-30) 

(C-31) 


The  size  of  and  therefore  the  bound  on  E^,  depends  on  a  >  ^  and  on  k. 
If  for  fixed  k  the  error  bound  E>^  is  known  for  any  a^,  then  the  error 
associated  with  any  a  >  will  be  less  than  5j .  That  is, 


E1  <Vk>  >  Ki  (a>k>  tor  ax  <  3  ’ 


(C-32) 


C-ll 


As  a  convenience,  a  selected  set  of  bounds  on  the  error  as  a  function  of 

k  and  a  is  presented  in  Figure  C-2.  In  Figure  02,  for  selected  set  of 

k  (k  -  1.1,  1.2,  l.S,  2.3)  and  error  bounds,  between  .001  and  .10, 

t  1 

the  minimum  value  of  a  ■  ~  such  that  the  error  Is  leas  than  the  desired 

At 

bound  is  presented.  As  an  example,  when  k  «  1.2,  the  error,  &. ,  will  always 

c  1 

be  less  than  .03  (37.)  if  the  ratio  «  »  --  is  greater  than  1.46. 

At 

III.  SECOND  APPROXIMATION  ERROR  ANALYSIS 


Continuing  from  Section  I,  the  total  dost!  received  between  time  t#  and 

time  t  At, 
e 

»«c,  At)  -  ^  (^)  <tj’k  -  (te  +  At)l'k)  ,  (C-2) 


is  to  bo  approximated  by  the  following; 


VV  At> 


mi 

PF 


(t  )'U  At. 


(C—  *») 


The  error,  Kji  f,iat  results  when  D^t^,  At)  i®  used  in  place  of  D(te,  At)  is 
defined  as  follows; 


E 


2  * 


J1 


At)  *  At) 

W<te.  At) 

D,(t  ,  At)  I 

1  •-= - - I 

»(tc,  At) 


(C-33) 

(C-34) 


As  in  the  previous  section,  let 


C-12 


(C- 35) 


D(t@,  At) 

*2  “  At)  * 

-  <4~T>  fr{>  <l  -  +  l)1_k>  ,  (C-36) 

A  e 

-  (r^r)  a(l  -  (1  +  V'k)  .  (C-37) 

IS  1  <1 

t 

where  a  —  .  Again,  if  It  >  1  and  a  >  l,  then  R^  >  0.  Expanding 
1  1-k 

(1  +  — )  ,  Equation  C-37  becomes, 


<^I>  <* 


(1 


,  I-k  ,  a-kKl-k-l) 

n  9  •  •  •  /  / 


2!  a2 


.  ,  Jl_  ,  k(Ml)  k(kH)(k+2)  , 
1  ‘  2,'a  ■>  ■* 


21  * 


4!  a 


(C-38) 

(039) 


t 

As  the  ratio  a  *•  increases,  It,  approaches  1  and  R^  <  1 .  life  behavior 
of  Rj  can  be  further  understood  by  examining  the  derivative  of  with 
respect  to  «. 


dR, 


_2, 

tin 


(kh>  (1 


0  -  -;)  a  +  b~k > 


(040) 


This,  as  expected,  is  positive  when  k  >  I  and  a  >  1. .  Therefore,  R^  monoremi- 

t  1 

£ 

cally  increases  toward  l  ns  the  ratio  «  «  — r  increases.  In  terms  of  the 

At 

error,  E^,  and  Rj  increases  fcowird  1,  its  reciprocal  decreases  toward  1, 
and  therefore,  the  error  decreases  toward  rero.  The  actonl  error  may  bo 
determined  by  combining  Equations  C-34  and  C-37  as  follows: 

“  TT~  •  1  ,  (04i) 

*2 

-  (“ )  (1  -  (1  +  ~)1'k)"1  -  1  .  (042) 


C- 13 


To  compare  E„  with  R^,  let 

£  i- 

R^*  -  l  +  &2  »  (C-43) 

so  that 

E2  -  52  •  (C-44) 

ce 

The  size  of  82,  atld  therefore  the  bound  cn  E2,  depends  on  »  and  on  k. 

If  for  fixed  k  the  error  &,  is  known  for  any  a  ,  then  the  error  associated 
with  any  a  >  will  be  less  than  Bj,.  That  la, 

E2(ax,k)  >  E2(a,k)  for  »x  <  a  .  (C-45) 

As  a  convenience,  a  selected  set  of  bounds  on  the  error  as  a  function  of 

k  and  a  is  presented  In  Figure  C-3.  In  Figure  C-3,  for  a  selected  set 

of  k  (k  -  1.1,  1.2,  1,5,  2.0,  3.0)  and  error  bounds,  e>2>  between  .01  and 

1.0,  the  minimum  value  of  a  such  that  the  error  is  less  than  the  desired 

bound  is  presented.  As  an  example,  when  k  -  1.2,  the  error  8?  will  always 

t  1 

be  less  than  .1  (107.)  if  the  ratio  a  B  is  greater  than  5.9. 

IV.  TIME  SAVED  USING  TOTAL  DOSE  APPROXIMATIONS 

A.  Entry  Time 

An  important  problem  commonly  encountered  in  the  analysis  of  fallout 

operations  involves  the  time  at  which  a  particular  activity  can  be  initiated 

or  resumed.  In  such  problems,  the  fallout  environment  constrains  Activity 

performance  through  the  limitations  placed  on  the  allowable  dose  the  individual 

engaged  In  the  activity  may  receive.  As  an  example,  assime  an  individual  is 

to  engage  in  a  particular  activity  beginning  at  time  t  and  lasting  until 

e 


C-14 


time  t  +  At.  Let  the  protection  afforded  the  individual  by  the  activity 
be  PF  ao  that  the  dose  he  will  receive  in  performing  the  activity,  DA(tfi,  At) 

is, 

DA(te,  At)  -  £7^  (t**k  -  (te  +  At)1_k)  roentgens.  (C-2) 

On  the  basis  of  the  individual's  exposure  before  and  after  the  activity  is 

performed,  this  dose  DA(ce>  At),  must  be  limited  and  hence  the  activity  must 

be  planned  so  that  the  dose  is  less  than  the  imposed  limit.  If  this/  limit 

is  La,  then  the  activity  planning  must  provide  that  DA(te>  At)  £  L^.  The 

bounds  on  the  activity  performance  can  be  determined  by  substituting  L^  for 

D  (t  ,  At)  in  Equation  C-2.  It  la  more  convenient,  however,  to  use  one  of 
A  © 

the  two  approximations  described  In  the  preceding  sections  because  they  are 
much  more  readily  solved  for  te>  Using  the  first  approximation,  Equation 
C-3,  the  time  at  which  the  activity  can  be  scheduled  to  begin  is,  ns  a 
function  of  the  activity  duration  At, 

'e  “  <*prL^>l/k  "  hourB-  (C-46) 

The  concomitant  error  in  t  determined  from  Equation  C-46  can  be  determined, 

for  a  range  of  decay  constants  k,  from  Figure  C-2.  This  relationship, 

Equation  C-46,  is  illustrated  in  Figure  C-4  where  t  is  presented  aB  a 

function  of  At  for  a  selected  set  of  — values  (2,  4,  3,  16,  32,  64, 

PF  La 

128,  and  256).  Also  included  in  this  figure  is  an  Indication  of  the 
applicable  error  for  each  case. 

In  the  determination  of  t  ,  if  either  the  parameters  are  such  that 
t 

—  tends  to  be  large,  or  the  error  requirements  are  not  stringent,  then  a 
simpler  expression  for  t  can  be  determined  from  the  second  approximation 


C- 15 


by  substituting  L^  for  D„(te)  in  EQuation  c_^-  This  procedure  results 
in  the  following  expression  for  tfi  as  a  function  of  At: 


t 

e 


(KD  At  l/k 

PF  L.  ’ 

A 


hours . 


(C-47) 


In  this  case  the  concomitant  error  in  t^  can  be  determined,  for  a  range  of 
decay  constants  k,  from  Figure  C-3.  This  relationship,  Equation  C-47,  la 
illustrated  In  Figure  C-5  where  t  is  presented  as  a  function  of  At  for  a 

fc 

selected  set  of  values  (2,  4,  8,  16,  32,  64,  128,  and  256),  Also 

PF  la 

included  in  this  figure  is  an  indication  of  the  applicable  error  for  each 
case. 

B.  Time  Saved 

In  many  cases  of  essential  activities,  the  time  at  which  the  activity 
con  begin  (Equation  C-46  or  Equation  C-47)  may  be  undesirably  late  (large  ta), 
In  these  situations  some  form  of  radiological  countermeasure  is  used  to 
decrease  the  dose  rate, 

I'll  t~k 

I(t)  “  -  roentgen s/nour,  (C-l) 

by  decreasing  the  applicable  value  of  ,  As  an  example,  decontamination 

of  the  facility  may  lead  to  such  an  effective  decrease.  Let  the  effect  of 
such  an  operation  be  represented  by  multiplying  the  constant  by  a  factor 

fj,  whose  value  lies  between  zero  and  one.  After  the  decontamination  operation 
is  performed,  the  dose  rate  is 


I(t) 


f  liil  t-k 

u  PF 


roentgens/hour , 


(048) 


and  the  approximation  to  the  time  at  which  the  activity  may  commence  becomes. 


016 


Earllegt  Tlw  of  Entry  Calculated  Paingjj.  for 


>is r»M*'  -» — 


- EH  ill 

•ni- 


iluMMifiit**** 


..  4 z i .njiiiiij  k% iUMniiimiSiiy  * ■  **  “‘I':!!!! ** 

ijiiniyl  H|fg88a8Sgpip!ii8ti|38!!l!BiiifiHl!Bli|i§y  >  3  SRiHjjlijjiji^SjijiliSSSiBSfelgS 


-*±u 


■  Juiuj 
•.•'■WtllMtfSSpI 
•hhuiyilMsil 


i  i  fits? 


liili 


It  iif il'S1 1>]  . 

MM 

III 


!ytm?55g=s . 

limiiitiligi  §*f? 


..i.U*  I 

: .  :::5*5sratjc.  I 

!!!ii!Hn!Sirs= 


.SEJ 

;»» 


WIMtHII 


*ZI|]3| 

pii 

lim 

Qii 

:ni 

!SbS 

nil 

j!?8p8! 

m 

ill 

■B 

1 

"fin,  oiiiWniU:,  '*■ 

*•;>.  -iin:  •t«V  !HUU!li. 

- - niiMi 

IlfflA 


’■ «  '■ 

SiHiflll  •  ’  . 

;  w<mvi 


I  I  fl  1 1  ■  D  ft  ‘ik.  -  «nnMHi  «n  ••  - 

'irtMKI,.  ■'!  'j.JM'Wlhr  ««»J  .HllWItH.  Wn'MIf  ; 

"inussa  FLi*"i<uui»in-<,itK»iiiimii>- .‘twitti*. 

OKSHMiuw 

. •- — >Jl—;wi^rniaiiiii 


immtiifkeV'&l 

ilhlUHlISSSS-l 

i!lu!iSSiflllil 

IliHisiili! 


n r 

’  I 

r  ainill 


-■«  i 


"""wiminmaimiirtmuniMm**"*1  ,'-; 

auwiBiwimii . . . . 

SBHffll ~ 


*y 


WHIMK  *?  SSMIBi!  !3{l  OTWHlI  I 


. jliM, - 

MH.'dlUBL  '•!,#«* r‘ 
fjifc.  If  !  ‘  >•!;«• 

1  »i~  rTff1  ar  ■•w- 

Mr  ”:,,;'1"!!!: 

- -yjj-yijg-  ~  — - . . 


iii.iiii 


'  .'nil 


lie 


|iissssisK»^SSS&^^ 
. — is  lias 


I,  i>ittlUlilllMIMia.«o - 

Hi.  'Mil Hill nsnt>n% -■■■■■ 
Silh  •  nihlijiiiiiiBia  »•»■■■ 
y auiii  I’liiiiiiiHilaffk  ««fl 

Him . . 


ISiMSlfglf 

iiiiiiiia 


IHIMa*  •.* 'IMMMh- 


liBinik' 

i.C/:U  .  nil-, 

i-ii.iliiiHKt ,A>  '  sssss 

_ _ Jillii6»l!K«3iig 

*.i>5s=  -*»EI 


SliiSl 


C- 18 


s 

I 

I 

I 

! 

! 


using  M), 


*  ,At  1(1')  fd.  1/k  At  . 

%  "  ( - PFir">  '  2  hourS- 

A 


(C-49) 


Here  it  Is  assumed  that  the  operation  leading  to  an  <  1  was  performed  at 

k 

some  time  t^  prior  to  t  . 

It  is  easily  seen  in  Equation  C-49  that  the  decontamination  operation 

decreased  the  required  delay  time  for  initiation  or  resumption  of  the 

activity.  The  actual  time  which  has  been  saved  aa  a  direct  result  of 

* 

decontamination  is  determined  by  subtracting  t  from  t  as  follows: 

6  6 


T  ■  t  -  t.  hours, 
e  e 


<?yW'k  O-f  '/k>  hours, 


max  100 


(C*  50) 


(C-51) 


(C- 52) 


In  Equation  C-52,  T  has  been  interpreted  as  the  product  of  two  terms 
PCSR 

T  ar.d  —rrr.  The  first  term  T  is  the  limit  approached  by  T  as  f . 
max  100  max  J  a 

approaches  zero.  Because  f^  ■  0  represents  perfect  or  ideal  decontamination, 

T  is  called  the  maximum  time  saved  using  perfect  decontamination, 
max 

Besides  requiring  ■  0,  perfect  decontamination  requires  t^  -  0.  Tills 

k 

latter  requirement  implies  t(  >  0  and  as  a  result  places  a  practical  bound 

on  the  effectiveness  of  f{j.  That  is,  as  the  problem  was  stated,  the  dose  to 

be  received  in  the  performance  of  the  activity  was  fixed  at  L^.  If  perfect 

decontamination  were  employed,  the  dose  received  would  be  zero  and  hence  much 

lower  than  L  .  In  such  a  case,  n  portion  of  the  decontamination  effort  is 
A 

* 

used  to  meet  the  requirement  D(tc,  At)  =  and  the  remaining  portion  of  the 
decontamination  effort  i3  used  to  further  reduce  the  dose  to  zero,  below  the 
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requi  romc-nt . 


This  effort  used  to  reduce  the  dose  frem  L.  to  zero  Is  not 

A 

effective  in  meeting  the  problem  requirement  because  the  requirement  has 

★ 

already  been  met.  This  is  what  iB  implied  by  the  restriction  t  >  0.  If 

this  restriction  is  not  adhered  to,  confusion  will  grow  out  of  the  inequality 

obtained  from  comparing  T  with  t  ;  that  1b, 
r  max  e 


T 

max 


(C-53) 


and  therefore 


T  j  t 
max  e 


(C-54) 


In  the  same  sense  that  is  the  limit  approached  as  approaches 

rcsR 

zero,  — j-—  is  the  fraction  of  the  maximum  that  la  realized  with  imperfect 
(non- ideal)  decontamination.  Thai  is,  PCSR  is  the  per  cent  savings  realized 
that  results  when  f^  is  a  positive  number  greater  than  zero, 

These  two  terms, 

1/k, 


PCSR  -  100  (1  -  f/'") 


(C-55) 


and 


m  .At  1(1)  >  1/k  . 

T  ■”  C  qT,  •  )  hours, 

mas  PI  L,  ’ 

A 


(C- 56) 


are  presented  in  Figures  C-(>  and  0-7  respectively.  Figure  C-7  describes 
the  maximum  savings  possible  for  given  values  of  At,  1.(1),  PF,  and  L^,  and 
Figure  0-6  describes  the  per  cent  of  this  that  is  realized  for  a  given  value 
of  f 


As  an  example,  assume  that  an  activity  is  to  be  resumed  where  the 


HD. 

PF 


value  Is  5000  roentgens  per  hour.  In  addition  assume  the  individual  engaged 
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in  the  activity  is  to  receive  no  more  than  160  roentgens.  From  Figure  C-7, 

if  the  planned  duration  of  the  activity  was  10  hourB,  then  the  ratio  “  is 

^7“  -  16  and  the  maximum  time  saved,  T  ,  is  120  hours.  If  the  decontaml- 
l\l  max 

nation  effectiveness,  fd,  is  .2,  then  the  per  cent  realized  is,  from  Figure 
C-6,  74%.  Therefore,  the  time  saved  in  resuming  the  activity  is  .74  x  120  ” 

89  hours  or  approximately  4  days.  This  savings  is  a  direct  result  of 
decontamination. 

As  a  second  example,  assume  that  the  activity  has  an  value  of  5000 

roentgens  per  hour,  that  the  Individual  is  to  receive  no  more  than  120  roentgens, 

and  that  the  duration  of  the  activity  will  be  five  days  or  120  hours.  In  this 

case,  from  Figure  C-7,  the  maximum  time  saved  la  50  days.  If  the  decontamination 

effectiveness  is  .3,  the  time  snved  becomes  .638  x  50  ■  32  days.  From  Figure 

C-4,  the  earliest  time  of  activity  resumption  without  decontamination  would 

be  47.5  days.  Therefore,  with  decontsmination,  the  activity  can  be  resumed  at 

47.5  -  32  ■  15.5  dayn  after  detonation-- thus  saving  32  days. 

As  expected,  the  above  discussion  presents  an  example  of  the  simplicity 

that  results  from  the  use  of  the  total  dose  approximations  mentioned  in  the 

Introductory  section.  Many  different  applications  exist  as  well  as  different 

interpretations  of  the  material  presented  above.  The  only  constraint  in 

using  the  approximations  involves  the  allowable  error  (presented  in  Figures 

C-2  and  C-3).  Even  this  restriction  can  be  relaxed  considerably  because  the 

direction  and  magnitude  of  the  error  are  known  and  therefore  can  be  accounted 

t 

g 

for  by  biasing  the  interpretation  of  the  results  of  the  analysis  when  —  is 
low. 
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Appendix  D 


The  Effectiveness  of  Radiological  Countermeasures  In 
Accelerating  Postattack  Recovery 

1,  SUMMARY 

Tire  material  in  this  Appendix  wa3  developed  to  determine  the  extent 
to  which  radiological  coiintermnaoures  could  accelerate  the  postattack 
recovery  process.  In  the  development,  the  recovery  of  an  activity  is 
specified  in  terms  of  the  duration  of  the  activity,  At,  and  the  time  when 
the  activity  is  to  commence,  t^.  Other  activity  characteristics  that 
aftcct  the  dose  received  hy  the  performing  personnel  are  absorbed  into 
an  activity  intensity  constant,  H,  which  hIbo  accounts  for  the  fallout 
radiation  field  characteristics.  For  the  purpose  of  this  summary,  H 
may  be  considered  to  be  the  common  Hfl  reference  intensity,  1.(1),  at  the 
place  where  the  personnel  are  located.  The  personnel  performing  the. 
activity  are  specified  in  terms  of  the  allowable  radiation  dose,  D,  one 
may  receive  in  performing  the  activity.  This  dose  specification  is  made 
in  terms  ot  either  total  dose  or  equivalent  residual  dose  (EKD) ,  or  both, 
depending  on  the  length  of  the  activity  duration.  Hie  countermeasure  is 
specified  by  its  effectiveness,  f},  in  canning  a  reduction  in  dose  received 
hy  an  individual  j:i  pe r f ■ * nn i ip;  a  scheduled  operation. 

Obviously,  the  above  parameters  arc  not  all  independent.  In  particular, 
o T  the  five  (At,  r.  ,  H,  I),  1^),  any  font  >\.iv  he  regarded  as  in-lap*  f.dent  and 
Hie  fifth  ran  he  expressed  in  terms  ol  them.  Much  oxpt  rffs  >  ans  c,m  developed 
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The  Effectiveness  of  Radiological  Countermeasures  in 
Accelerating  Postattack  Recovery 

I.  SUMMARY 

The  material  in  this  Appendix  was  developed  to  determine  the  extent 
to  which  radiological  countermeasures  could  accelerate  the  postattack 
recovery  process.  In  the  development,  the  recovery  of  an  activity  is 
specified  in  terms  of  the  duration  of  the  activity,  Ats  and  the  time  when 
the  activity  is  to  commence,  t^.  Other  activity  characteristics  that 
affect  the  dose  received  by  the  performing  personnel  are  absorbed  into 
an  activity  intensity  constant,  H,  which  also  accounts  for  the  fallout 
radiation  field  characteristics.  For  the  purpose  of  this  summary,  H 
may  be  considered  to  be  the  common  Hfl  reference  intensity,  1(1),  at  the 
place  where  the  personnel  are  located.  The  personnel  performing  the 
activity  are  specified  in  terms  of  the  allowable  radiation  dose,  D,  one 
may  receive  in  performing  the  activity.  This  dose  specification  is  made 
in  terms  of  either  total  dose  or  equivalent  residual  dose  (ERD),  c-  both, 
depending  on  the  length  of  the  activity  duration.  The  countermeasure  is 
specified  by  its  effectiveness,  f^,  in  causing  a  reduction  in  dose  received 
by  an  individual  in  performing  a  scheduled  operation. 

Obviously,  the  above  parameters  are  not  all  independent.  In  particular, 
of  the  five  (At,  tg,  U,  D,  fd>,  any  four  may  be.  regarded  as  independent  and 
the  fifth  can  be  expressed  in  terms  of  them.  Such  expressions  are  developed 
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in  the  analysis  section  of  this  report.  Although  each  parameter  is  treated 


as  the  dependent  variable  at  some,  time  in  the  analysis,  the  emphasis  is 

placed  on  expressing  tg  as  a  function  of  H,  D,  At,  and  f^.  There,  the 

intent  is  to  determine  how  the  time  when  the  activity  may  commence,  te, 

varies  as  a  function  of  the  countermeasure  ef fectiveness,  f^,  and  the 

operating  constraints,  At,  H,  and  D.  By  holding  these  operating  constraints 

constant,  it  is  then  possible  to  determine  the  difference  between  the  time 

* 

when  the  activity  may  commence  if  the  countermeasure  is.  not  employed,  t  , 
and  the  time  when  the  activity  may  commence  if  the  countermeasure  is 
employed,  te< 

This  difference,  t  -  t  ,  is  the  time,  T,  that  is  saved  in  recovering 
an  activity  as  a  direct  result  of  a  particular  countermeasure.  This  time 
saved  is  expressed  in  this  appendix  as  a  function  of  the  operating  constraints. 
At,  D,  and  H,  and  the  countermeasure  effectiveness,  f^.  Sets  of  performance 
curves  that  describe  the  behavior  of  T  as  the  four  parameters  vary 
independently  are  presented  at  the  end  of  the  analysis  section  as  Figures 
D-15  through  D-27. 

In  the  final  section  of  this  appendix,  these  figures  are  examined  in  a 

general  manner  to  determine  an  impression  of  the  range  of  situations  where 

countermeasures  appear  to  be  most  valuable.  There,  the  measure  of  effectiveness 

is  the  time  saved.  The  range  of  situations  that  is  obtained  uses  the 

assumption  that  T  should  be  at  least  one  week,  and  that  T  should  be  at 

* 

least  30  per  cent  of  tg.  Under  these  two  assumptions  it  is  shown  that  the 
ra~ge  of  potentially  valuable  application  is  specified  by  two  inequalities. 


7  and  H\t  >  k(l'^)D.  Here,  k(f^)  is  a  function  of  f^  whose  value  is 
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determined  from  one  of  the  curves  in  Figures  D-24  through  Th  29.  When 

f .  =  .7,  k(f .)  =  100  and  range  of  application  is  defined  by  the  inequality 
a  a 

H^t  >  100D.  In  addition,  the  greater  the  inequality  of  I&t  and  100D  is, 
the  greater  is  the  resultant  amount  of  time  saved. 

II.  ANALYSIS 

A.  Introduction 

By  using  certain  radiological  countermeasures,  it  is  possible  to 

:4 

accelerate  the  process  of  postattack  recovery.  The  amount  by  which  the 
process  is  accelerated  will  depend  on  the  effectiveness  of  the  counter¬ 
measure,  the  amount  and  distribution  of  radioactive  fallout  present  in 
the  area  where  the  recoverable  activity  and/or  facility  is  located,  and 
on  the  personnel-- their  dose  history  and  the  additional  allowable  dose  that 
they  may  receive  in  performing  the  activity. 

In  the  following  analysis,  the  radioactive  fallout  hazard  is  measured, 
with  respect  to  the  facility  wherein  the  activity  is  to  be  recovered*  by 

\  •’  '  t.i;  **'  '.%*  l-'y>  **vj  ‘  '  • 

the  dose  in  roentgens  that  will  be  received  by. the  individual performing 
the  activity.  This  dose  is  called  the  performance  dose.  The  effectiveness 
of  the  cotin termea sure  is  measured  1)  by  the  fractional  reduction  in  the 
performance  dose  brought  about  by  the  countermeasure  when  tdie  timing  of 
the  activity  is  held  constant,  and  2)  by  the  fractional  reduction  in  the 
activity  timing  brought  about  by  the  countermeasure  when  the  performance 
dose  is  held  constant.  The  allowable  dose  to  be  received  in  performing 
the  activity  is  defined  in  three  ways,  depending  on  the  particular  time 
duration  of  the  activity:  if  the  duration  is  less  than  thirty  days,  then 
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the  total  dose  la  used;  If  the  duration  is  more  than  four  day*  and  Isa* 
than  thirty  days,  then  the  equivalent  residual  done  (BSD)  at  oho  end  uf  “ — 
the  duration  is  used;  if  the  duration  is  sufficiently  long  that  vhe  HD 
reaches  a  maxim*  before  the  end  of  the  duration,  then  the  taaximum  BSD 
that  is  reached  la  used.  Obviously,  these  three  viewpoints  ere  not 
mutually  exclusive. 

The  following  analysis  combine*  the  above  concepts  and  arrive*  it  a ....  . 
measure  of  the  amount  of  recovery  acceleration  achieved  by  a  particular 
countermeasure  applied  to  a  particular  situation  when  the  allowable  dose 
constraints  ara  specified,  the  amount  of  acceleration  is  measured  by  the 
"tiioe  saved"  In  resuming  or  initiating  an  activity.  As  will  become  apparent, 
interest  is  cantered  in  activities  to  be  recovered  after  the  first  few  day* 
following  detonation  and  during  the  first  few  months  thereafter. 

B.  SauJkO. 

The  expression  for  doss  rets  that  will  be  used  In  the  subsequent 
development  is 

I<c)  ■  Bt’1**  roentgens /hour,  (&*1) 

where  t  la  the  time  after  detonation  in  hours  and  B  is  independent 
of  time.  This  expression  for  dose  rata  will  be  used  to  determine  the 
dose  that  will  be  received  by  an  individual  while  he  la  performing  the 
activity  of  interest. 

In  this  expression,  Equation  D~l,  the  constant  H  depends  on  the 
particular  situation  and  on  the  Intent  of  the  analyst,  tills  constant 
relates  the  activity  characteristics  (location  in  the  fallout  field,  structure 


-  D-4  * 


vuwntaiwti 


FF,...)  to  the  Jose  received  in  performing  the  activity.  The  scape  and 

flexibility  of  the  results  produced  by  the  subsequent  analysis  are  critically 

dependent  on  the  imagination  utilized  in  interpreting  H  in  a  broad  and 

flexible  manner.  In  the  simplest  case  of  pra-attack  planning  the  constant 

H  may  be  set  equal  to  where  1<1)  is  the  unit  time  reference  Intensity 

In  the  activity  area  and  PF  is  the  protection  factor  of  the  structure  in 

which  the  activity  is  performed.  If  at  tha  sane  tins  the  activity  has  a 

sequential  characteristic  that  involves  several  structures  with  different 

PF'h,  then  H  might  be  set  equal  to  where  P#  is  the  equivalent 
*  • 

protection  factor.  In  the  simplest  case  of  postattaefc  planning,  H  night 
1  2 

be  sat  equal  to  Xy  *  where  X  ia  tha  measured  dose  rate  where  the  activity 
will  be  performed  and  y  is  the  time  after  detonation  when  the  measurement 
is  made.  These  examples  are  presented  to  illustrate  simple  interpretations 
of  H.  Hare  complicated  or  flexible  interpretations  will  arise  as  tha 
individual's  (or  individuals')  behavior  pattern  beoooMS  a  complicated 
function  of  time.  Irrespective  of  the  particular  interpretation,  two  rules 
must  be  followed.  First,  H  must  be  independent  of  time;  and  saoond.  If 
the  activity  is  performed  from  timn  t#  to  time  t#  +  At,  where  At  Is  the 
activity  duration,  then  H  must  be  chosen  ao  that  the  total  dose  received 
by  the  individual  In  performing  the  activity  is  3 

•/t 

See  Reference  D-l,  page  56. 

Throughout  this  appendix,  will  refer  to  total  dose,  DR  will  refer  to 

equivalent  residual  dose  (BRD),  and  D  will  refer  to  a  dose  Chat  is 
either  total  dose  or  ERD.  In  both  cases,  and  DR  are  calculated  assuming 

zero  prior  dose.  This  assumption  does  not  restrict  the  usefulness  of 
the  analysis.  Prior  dose  enters  into  the  application  of  the  analysis 
when  a  determination  Is  made  of  the  allowable  subsequent  dose. 
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Dj,  =  R  f  x  dx  roentsem .  (D-2) 

C.  Countermeasure  Effectiveness 

In  the  preceding  section  the  content  H  In  the  dose  rate  equation 
was  chosen  to  relate  the  effect  of  the  activity  characteristics  (location, 
structure,  FF,  ...)  to  the  total  dose  received  In  performing  the  activity, 
Equation  D-2.  A  similar  constant,  fd,  is  chosen  to  show  the  effect  of  a 
countermeasure  on  the  dose  received  in  performing  the  activity.  This 
constant,  is  chosen  so  that  if  the  activity,  which  is  the  object  of  the 
countermeasure,  la  performed  from  time  t  to  tine  t^-h&t,  then  the  total 
dose  received  by  the  individual  In  performing  the  activity  whan  the 
countermeasure  is  not  activated  will  be 

tg-h&t 

D  ■  H  /  x'1,2  dx  roentgens ,  (D-3) 

and  when  the  countermeasure  it  activated  and  completed  before  tins  t#,  will 
be 

te+AE  ,  , 

Dj  "  fdH  /  x  *  dx  roentgens.  (D-4) 

£e 

Values  of  fd  that  lie  between  zero  and  one  (0  f  <  1)  will  be  considered 
In  this  appendix.  Hotice  that  when  fd  is  set  equal  to  1,  the  countermeasure 
Is,  In  effect,  not  activated. 


D.  Activity  Performance  Dose 

While  performing  a  given  activity,  the  Individual  will  receive  a  certain 


doss  of  radiation.  Because  it  is  not  el«ar  how  liniutrdrmA  a  certain  dose  of 
radiation  la  to  an  individual,  two  approaches  to  the  dose  received  will  he 
taken  in  the  subsequent  development.  Hie  first  approach  will  be  to  determine 
the  total  dose  received, 


t  -+At 
e 


dt  "  fdH  / 


-1  2 

x  dx  roentgens, 


(0-4) 


when  the  activity  is  performed  from  time  tg  to  time  t^+At.  The  second 
approach  will  be  to  determine  the  maximum  equivalent  residual  dose  received 
when  the  activity  is  performed  from  time  t  to  time  t^+At, 


«  ,1  2 

0o  ■  maximum  f  .H  /  W(t*x)  x  *  dx  roentgens. 


fce  At 


(D-S) 


where  W(t-x)  is  a  function  used  to  weight  the  dose  rnte  in  order  to  simulate 
the  effect  of  possible  biological  repair  and  recovery. 

For  the  first  approach,  the  total  duae  received,  from  Equation  D-4,  is, 

D„  -  f.H  5(t  ~  -  (t  dAt)*-2)  roentgens.  (D-6) 

Xu  6  <3 

vtr 

It  has  been  shown  that  this  expression  can  be  approximated  as  follows: 


-  fdHAt(te-^r)  1,2  roentgens.  (D-7) 

t 

the  concomitant  error  is  less  than  1  per  cent  when  TT  2.85  and  is  less 

t  ^  A ' 

than  5.2  per  cent  when  £  1.0.  Because  this  error  is  small  and  its  bounds 


* 


See  Reference  D-2. 


-  D-7 


are  known.  Equation  D-7  will  be  used  to  determine  the  total  dose  received 
in  the  performance  of  the  activity.  This  equation  is  graphed  in  Figure 

VAt 

D-l  where  " 1  is  displayed  as  e  function  of  activity  entry  time,  t^,  for 
d 

selected  activity  durations,  At,  »  1  day,  4  days,  16  days,  and  32  days. 

In  this  figure  and  in  the  following  discussion,  the  quantity  D/At  will  be 

called  the  activity  "effective  intensity"  and  will  be  referred  to  as  1  . 

1  e 

Therefore,  in  Figure  D-l  the  normalized  ffective  intensity,  ,  is 

V1 

displayed  as  a  function  of 

For  the  second  approach,  the  maximum  ERD  received  is  determined  from 
Equation  D-5  for  two  separate  cases:  Cose  I,  where  the  maximum  occurs  at 
the  end  of  the  activity  or  when  t  -  t  -hit  and  Case  II,  where  the  maximum 
occurs  before  the  end  of  the  activity  or  when  t  <  t  +  Ah.  In  both  cases 
it  is  necessary  to  begin  by  selecting  the  appropriate  weighting  function 
W(t).  The  weighting  function  most  commonly  used  to  approximate  the.  effect 

•ft 

of  biological  repair  and  recovery  i»: 

tf(t)  -  .1  +  ,  (D-8) 

where  t  is  in  days.  This  approximation  is  shown  in  Figure  D*2  along 
with  the  function 

W(t)  -  1  -  , 016t  ,  (D-9) 

which  will  be  used  in  this  discussion  to  approximate  the  biological  effect 
for  Case  I  when  t  <  35  days.  Substituting  Equation  9  in  Equation  5,  the 
maximum  £RD  for  Case  I  becomes: 


See  Reference  D-l, 
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t  -('At 

6  -1  ? 

D  “  f  ,H  /  (l-.016(t  -tAt-x))  x  '  '  dx 

K  ii  C 


(D-10) 


t  +AC 
e 


-  f.H(l-.016t  -.016^t)  / 
a  a  *_ 


-1.2  . 

x  <lx 


t  +At 

c 


-.2 


-  fjH  .016  /  x  dx  roentgens, 

fce 


(D-U) 


which  can  be  approximated  to  the  same  accuracy  as  DT  (in  Equation  0-7)  as 
followtt 


Dr  -  fjH  (l-.016(te+At»  At(te+^) 

■a.  * 

+  fdH  .016  (t  +  At)  At  (t  +  At) 

-1.2 

(D-12) 

rsJ 

H 

> 

■i 

-  fdltot  (l-.008At>  (te  +  <f) 

roentgens. 

(D-13) 

Combining  Equation  0-7  with  Equation  D-13,  this  becomes-. 

Dr  *  (I-.OOBac)  roentgens,  (0-14) 

This  equation  will  be  used  to  determine  the  EKD  in  Case  I  where  it  reaches 
a  maximum  at  the  conclusion  of  the  activity  performance.  Hits  aquation  IS 

VAt  h 

graphed  in  Figure  0-3  where  “gif  ■  gjj  ie  displayed  as  e  function  of 

d  d 

uctivity  entry  time,  te,  for  selected  activity  duretlono,  At  »  1,  4,  B,  16, 
32  days. 

In  Case  II,  where  the  maximum  (Equation  0-5)  occurs  for  t  <  t  +  At, 
a  slightly  different  approach  will  be  used.  First,  It  is  necessary  to  use 
an  approximation  for  W(t)  that  is  applicable  over  a  wider  range  of  At’s. 

The  function  which  will  be  used  is 


D- 11 


W(t) 


.16  -  .0135? 

0  S  fe  S  40 

.6  -  . 0045t 

40  <  ^  <  92 

.27  -  . 0009l4t 

92  <  ■£— 

^  24  ’ 

(M5) 


where  t  is  in  hours.  This  function  is  shown  in  Figure  D-4  along  with  the 

common  approximation  given  as  Equation  D-8.  If  thiB  expression,  with  t-x 

substituted  for  t,  is  used  to  replace  W(t-x)  in  Equation  P-5,  then  the 

integration  can  be  performed  and  the  derivative  of  D_  with  respect  to 

dDR 

t  can  be  taken.  Setting  this  derivative,  ,  equal  to  zero  produces 

the  t'a  that  maxlmuze  the  dose  D  These  t's  (denoted  by  t  )  ara  graphed 

in  Figure  D-5  as  a  function  of  t  .  The  discontinuity  in  the  first  derivative 

of  this  function  that  appears  when  t  is  21  days  in  Figure  D-5  is  the 

result  of  the  discontinuity  in  the  first  derivative  of  W(t)  as  given  in 

Equation  D-15.  It  is  useful  to  smooth  the  function  in  the  region  surrounding 

~  21  days  and  replot  the  function,  This  has  been  done  to  arrive  at 

Figure  D-6,  which  presents  tR1’te"&tm  (that  is,  the  time  Interval  between  c# 

and  the  time  when  the  ERD  becomes  a  maximum)  as  a  function  of  te>  The 

value  of  the  corresponding  maximum  ERD  is  presented  in  Figure  D-7  as  a 

function  of  t_,  This  illustration,  Figure  D-7,  presents  the  normalized 

maximum  ERD,  t-jj  ,  as  a  function  of  the  activity  entry  time,  t  ,  for  the 
ldn  e 

Case  II  situations  where  the  maximum  occurs  before  the  activity  is  completed. 

Therefore,  Figure  D-7  applies  to  situations  where  the  activity  durations, 

At,  are  greater  than  the  t  -t  =At 

m  e  m 

To  compare  the  Case  II  approach  to  ERD  that  produced  Figure  D-7  with 


D-13 


the  Case  I  approach  to  ERD  that  produced  Figure  D-3,  it  is  necessary  to 
introduce  a  fictitious  At  into  Figure  D-7.  If  this  is  done,  then  the 

VAt  h 

Case  II  result  can  be  redrawn  as  "Y’y"  ■  versus  t^  and  then  compared 

d  d 

with  the  seae  I  graph  in  Figure  D-3.  To  do  this,  the  most  logicsl  At  to 

use  in  the  Case  II  approach  is  At^t^-t^  as  presented  in  Figure  D-6  sa  a 

function  of  t  .  Figure  D-8  was  obtained  for  such  a  comparison  by  dividing 
D  e 

the  — r  values  in  Figure  D-7  by  the  C  -t  values  in  Figure  D-6.  The  dashed 
fjH  tn  e 

line  included  in  Figure  D-8  ia  the  curve  for  At  *  32  from  Figure  D-3 
extended  to  Intersect  the  solid  line  (Case  II  approach)  at  the  proper 
position. 

This  completes  the  second  approach  to  the  dose  received  in  the 
performance  of  «  certain  activity.  The  results  of  the  two  approaches 

(Figures  D-l,  D-3,  and  D-7)  are  summarised  in  Figure  D-9  where  the  normalised 

DT  °R_ 

total  dose  ,  and  normalised  maximum  KRD,  ,  are  displayed  as  a 

£dH  rd 

function  of  activity  entry  time,  t  ,  and  activity  duration,  At.  In  the 

following  section,  those  functions  will  be  Inverted  to  display  the  activity 

entry  time  when  the  duration.  At,  and  the  dose  to  be  received,  or  Qj,  are 

specified, 

E-  Acj 

The  activity  entry  lead  time  is  the  time  before  which  the  activity 
cannot  begin  if  the  duration,  At,  and  the  dose,  DR  or  D^,  are  specified. 

In  the  previous  discussion  the  dose  was  determined  in  terms  of  the  activity 
entry  time,  t£,  and  the  activity  duration.  At.  These  same  expressions  can 
be  inverted  to  give  the  entry  time,  t^,  in  terms  of  the  dose  and  the 
duration.  Expressed  in  this  manner,  t  is  the  activity  entry  lead  time. 


D-18  - 


The  lead  time  will  depend  on  the  normalized  dose,  the  type  of  dose  (ERD 
or  total  dose),  and  the  duration.  If  the  interest  is  In  a  specified  total 
dose,  then  from  Equation  D-7,  the  lead  time  is: 


t  - 

e 


-  hours . 


(H6) 


If  the  interest  is  in  a  specified  maximum  ERD  occuring  at  the  time  C#d&C, 
Case  I,  then  from  Equation  D-13  the  lead  time  la: 


(1-.008AO'833 


^  hours , 


(D* 17) 


If  the  interest  is  in  a  specified  maximum  ERD  occuring  before  time  t#+At, 

Case  II,  then  the  lead  time  is  graphically  determined  from  Figure  D-7. 

These  three  approaches  to  the  activity  entry  lead  time  ere  ahovn  in 
Figure  D-9  (t  versus  normalized  dose)  and  in  Figure  B-ll)  (t  versus 
activity  duration  ,\t).  Those  two  figures  and  Equations  D-16  and  I>*17  will 
ho  used  in  the  following  discussion  to  determine  the  effect  of  the  counter¬ 
measure,  ,  on  reducing  the  lead  time. 

F  Countermeasure  Effect  op  Lead  Tfone 

From  the  lead  time  equations  (Equations  D- 16  and  D-17)  it  can  be  seen 
that,  as  the  countermeasure  effectiveness  increases  (that  is,  as  f  decreases) 
the  lead  time,  t  ,  decreases.  This  effect  can  be  viewed  as  the  lead  time 
saved,  T,  as  follows: 

* 

T  "  tg  -  t£  hours  (D-19) 

* 

where  t  is  the  lead  time  without  the  countermeasure  (a  result  of  setting 

f  .  equal  to  1)  and  t  is  the  lead  time  with  the  countermeasure.  Therefore. 

a  g  * 
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the  time  saved  when  the  total  dose  is  specified  is,  from  Equation  D-16, 


T 


/,  r  -833.  . 

(1-fj  )  hours. 


(D-20) 


From  Equation  D-17,  the  time  saved  when  maximum  EEC  occur ing  at  time 
t^+At  ia  specified,  Case  X,  is 


T 


(1-.008At),B33 


(1-f  ,833)  hours, 
a 


(D-21) 


In  these  two  equations  (Equation  D-20  and  Equation  D-21)  cara  mutt 
he  exercised  in  estimating  tha  error.  The  error  urisea  out  of  the  error 

•jf 

that  is  contained  in  and  in  t#  in  Equation  D-19,  Because  chase  tvo 
terms  in  quatlon  D-19  are  of  opposite  sign,  the  errors  are  also  of 
opposite  sign.  Therefore,  the  error  in  T  is  lass  than  either  the  error 

3b  A* 

in  t  or  the  error  in  t  .  Because  both  t  and  t  involve  the  same  time 
e  e  e  e 

■ft 

interval,  At,  and  because  tft  is  Ibbb  than  tp,  the  dominant  error  arises 

out.  of  the  t  terra,  This  error  increases  as  t  decreases  and  hence, 

increases  us  f^  decreases  (see  Equations  D-16  and  D-17).  Therefore, 

Equations.  D-20  and  D-21.  cannot  be  used  as  approaches  aero.  (The  actual 

error  in  T  is  less  than  the  error  in  t  ,  which  is  lesa  than  the  error  in 

e 

ns  given  in  the  paragraph  following  Equation  D-7.)  If  one  ia  careful 
not  to  apply  Equs.tion  D-20  when  fd  approaches  zero  (and,  normally,  when 
lj  is  leas  than  .2),  then  Equation  D-20  can  be  Interpreted  as  the  product 
of  potential  maximum  time  saved, 


T  ■ 


m 


,  333 


(D-22) 


-  D-23  - 


and  the  fraction  realized  due  to  imperfect  countermeasure  ef fectivenoBB , 

F  -  (l-fj  833)  ,  (D-23) 

as  follows: 

I  •  I  P  .  (D-24) 

w 

Similarly,  Equation  15*21  can  he  interpreted  as  the  product  of  X^,  F,  and 
the  result  of  biological  recovery, 

B  -  (l-.OOaAt)’833  ,  (D-25) 

as  follows: 

X  -  T  FB  .  (D-26) 

in 

By  interpreting  Equations  D- 20  and  D-21  in  this  manner  It  is  easy  to 

quickly  determine  the  effectiveness  of  f^,  of  allowabla  ERD  or  total  dosa 

constraints,  and  of  in  reducing  the  lead  time  to  activity  resumption 
e 

with  countermeasure  activities.  For  this  purpose,  the  three  pertinent 

relationships ,  Equations  D-22,  D-23,  and  D-25,  are  displayed  in  Figures 

D-ll,  D-12  and  D-13  respectively. 

H 

The  effect  of  and  ---  on  the  time  saved ,  T,  when  allowable  total 

e 

dose  is  specified,  can  be  summarized  by  combining  Figures  D-ll  and  D-12  as 
indicated  by  Equation  D-24.  The  resultant  composite  in  displayed  as  Figure 
D-14.  This  figure  presents  the  time  saved  in  days  as  a  function  of  the 
countermeasure  effectiveness,  f^,  when  the  other  variables  are  constrained 
In  a  particular  manner.  Two  different  methods  of  constraining  the  variables 
are  used  to  produce  two  sets  of:  curves.  In  the  first  set  of  curves  (solid 

T*  I 

lines),  the  normalized  intensity,  Is  fixed.  If  this  Jo  viewed  nr,  -r~ 

H  £.11 


D-24  - 
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Fraction  of  ti;ia  (W*?Wi 
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wU.ii  f  ;ict  equal  to  unity,  then  the  corresponding  solid  curves  relate 
the  liras  saved  to  when  the  time  to  the  center  of  the  performance 
interval,  t  +  4^  ,  is  licld  constant.  This  interpretation  follows  directly 


from  Equation  D-7,  which  has  t  +  j  equal  to 


constant. 


Because  the  above  time  of  entry,  tg,  Is  the  time  the  activity  may 

commence  when  the  countermeasure  is  not  activated,  In  summary,  when  the 

activity-intensity  characteristics,  H,  the  allowable  dose,  0_,  end  the 

DT  *e 

activity  duration,  At,  are  specified,  the  solid  curve  for  »  jp 
defines  that  situation  and  shows  how  the  time  saved  in  commencing  the 
activity  depends  on  the  countermeasure  effectiveness,  f^.  For  the  seme 
situation,  the  actual  time  of  entry  can  he  determined  from  Figure  15-1. 

The  second  set  of  curves  (dashed  lines)  In  Figure  D~14  la  developed 
by  holding  constant  the  time  of  entry  with  the  countermeasure  activated. 
Tills  Is  accomplished  by  altering  tri  form  of  Equation  D-20  as  follow*: 


(if)" 


<l-f/833>  . 


In  the  dashed  curvos,  the  first  factor 


(lj£  ) 

’li/ 
\  e  ? 


(0-20) 


(0*27) 


,  has  been  held 


constant,  From  Equation  D-7,  this  factor  is  equal  to  t  +  2  1  which  is 
the  time  to  the  center  of  the  performance  interval  when  the  countermeasure 
la  activated.  In  Figure  D-14,  these  dashed  lines  were  developed  for  the 
case  where  no  activity  would  be  recovered  before  the  end  of  a  two  week 
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shelter  period,  Independent  of  any  coun  to  measure  activation.  XhlB  was 

accomplished  by  setting  t  equal  to  14  days.  The  four  curves  ware  than 

■elected  by  varying  the  performance  interval,  At.  The  four  curves,  thara* 

fore,  represent  the  bound  of  useable  f^,  or  T,  when  the  time  of  entry 

with  the  countermeasure  activated  in  fixed. 

To  determine  the  time  saved  when  maximum  ERD  occurs  during  the 

performance  of  the  uctivity  (rather  then  at  the  conclusion  of  the  activity), 

Case  IX,  Equation  D-19  la  solved  graphically  by  uaing  Figure  D*7.  That  ia, 

for  a  given  norms  fixed  dose,  yp  ,  the  entry  time  without  the  coun terms* aura , 

t*,  is  determined  from  Figure  D-7.  Then  the  effect  of  the  countermeaaura 

is  determined  by  obtaining  from  Figure  D*7  the  entry  time  t  when  the 
Dr  * 

normallxed  dose,  ,  is  used.  The  difference,  t  -  t  is  the  time  laved 
*ti"  D  “  6 

Cot  the  situation  defined  by  the  given  value  of  -jj  , 

The  throe  approaches  to  time  saved  are  combined  and  presented  in  a  set 

of  performance  curves,  Figures  D"15  through  D-22,  Each  figure  ahowa  how 

the  time  saved  varies  a«  «  function  of  t\ ,  the  aotivlty  duration,  At,  and 

the  manner  in  which  the  dose  (total  dole  or  EEC)  la  defined  when  the 

normalised  dose,  ~  ,  is  specified.  The  figures  cover  normalised  doses  from 
n 

.16  to  .00125  in  seven  steps.  The  activity  durations  considered  are  1,  2, 

4,  8,  16,  and  32  days  (total  dose  and  maximtsn  ERD  occurring  before  the  end 
of  the  activity,  Case  I),  and  an  infinite  duration  (maximum  ERD  occurring 
before  the  end  of  the  activity,  Case  II),  In  addition,  any  curve  not 
explicitly  presented  can  be  quickly  obtained  in  the  manner  discussed  In  the 
preceding  paragraphs  of  this  section. 


D-30  - 


1.0 


60  80 
Time  Saved  in  Days 


-  r  >-:ii  - 


An  additional  act  of  performance  curves.  Figures  D-23  through  l>-29. 


are  included  to  illustrate  the  K,  I.  ,  £.  trads-of  £s 

'  e’  d 


nkl  «  ujjjltl  a  l-ljB 


time  to  be  saved  is  specified  and  total  dose  is  the  constraint.  Figure 
D-23  shovB  the  effect  of  and  T.p  on  the  tulationahip  between  H  and 
T.  Each  of  Figures  D-24  through  1V29  show,  for  a  fined  f^,  the  H,  I 
trade- o( fs  when  the  time  to  be  saved  is  specified  as  1,  2,  4,  7,  14,  21,  28, 
35,  or  42  days.  This  set  of  curves  is  presented  to  help  delimit  the  range 
of  situations  where  countermeasure  activities  are  potentially  useful  in 
accelerating  the  recovery  process.  A  general  discussion  of  this  range 
of  situations  la  presented  in  the  following  section. 


III.  DISCUSSION  OF  RESULTS 


The  preceding  section  developed  and  presented  curves  that  define  the 
recovery  load  time,  t^,  and  the  amount  by  which  the  lead  uisia  Is  reducud, 
T,  as  a  function  of: 

(1)  H,  the  activity  radiation  characteristics; 

(2)  At,  the  duration  of  the  activity; 

(3)  D,  the  allowable  dose  received  in  performing  the  activity; 

(4)  ~  «  ,  the  effective  dose  rate  while  performing  tne  activity; 

and , 

(5)  fd,  the  ef fectiveness 'of  the  radiological  countermeasure. 

Having  determined  the  effect  of  the  above  parameters,  It  is  worth¬ 
while  to  examine  their  combined  effect  for  the  purpose  of  estimating  the 
range  of  situations  where  recovery- oriented  countermeasures  appear  to  be 
most  useful.  This  final  section  will  present  such  an  examination  in  a 
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general  manner  without  reference  to  specific,  applications  or  examples. 

The  object  here  is  to  develop  a  picture  of  the  time  and  place  of  valuable 
countermeasure  applications. 

Three  factors  that  will  receive  direct  attention  are; 

it 

(1)  The  relation  of  T  to  the  lead  time  without  decontamination,  t  ; 

(2)  The  absolute  value  of  T;  and, 

(3)  The  relation  of  T  to  the  activity  performance  dose  rate, 

>  “T  • 

o  ,Tl 

A  fourth  factor,  very  important  and  difficult  to  evaluate,  is  the  value  of 
fj  that  can  be  achieved  with  a  given  amount  of  effort  (manpower).  'Xhis 
factor  relates  the  countermeasure  manpower  effort  to  the  activity  of 
interest.  Because  this  appendix  has  concerned  Itself  with  the  effectiveness, 
£j,  end  not  with  the  manpower  effort,  required  to  achieve  that  effectiveness, 
this  factor  will  not  bo  dioeuHsml  In  this  appendix. 

'fhi*  first  factor  liated  above  can  bet  Interpreted  as  follows:  If  T  io 
to  be  valuable,  then  it  must  at  least  be  a  given  per  cent  (say  ?o%)  3rtV.(  or 

it 

>'tOX)  of  the  activity  lead  time  without  use  of  the  countermeasure  (t^).  That 
is,  in  general.  If  the  normal  lend  time  wan  20  dayn,  it:  would  probably  not 
be  too  grout  an  accomplishment  to  reduce  it  to  18  days.  T.f  the  activity 
was  performed  earlier,  without  using  any  countermeasure  (that  l«s,  by 
increasing  the  allowable  done),  then  the  fractional  Increase  in  dose  would 
be  the  reciprocal  of  the  countermeasure  effectiveness  required  to  perform 

* k 

For  a  d incur. a i on  of  this  factor  when  decontamination  is  the  countermeasure , 
sec  Appendix  h. 
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the  activity  earlier  without  increasing  tha  dose.  Because  the  dose 
cannot  be  reliably  preducted  or  measured  to  closer  then  25  to  35  per 
cent  o£  the  true  value,**  one  might  insist  that  the  value  of  should 
bp  amall  enough  so  that  if  tha  activity  was  recovered  without  using  the 
countermeasure  then  the  resultant  increase  in  does  would  be  at  least 


35  per  cent.  This  means  that.  1:^  would  have  to  be  less  than  .74. 

If  at  the  name  time,  one  decided  that,  in  order  for  the  counter¬ 
measure  to  be  valuable,  the  lead  time  would  have  to  be  shortened  by 
at  least  307,,  then  f^  should  be  lees  than  .65,  Thin  can  be  seen  by 
forming  the  ratio  ,  This  is  accomplished  either  by  combining  Equations 

t 

c 

U-16  and  D-20  (total  dose)  or  by  combining  Kqviations  D—  1 7  and  D-21  (ERD) . 
jjfogardlcsc  of  which  combination  is  used,  the  following  result  is  obtained; 


-V a+^>  o-v833)  . 

t  2t 

e  e 


For  a  given  situation,  ,*,t  and  t  ,  rhta  becomes 


(D-28) 


(D-29) 


wham  K  approaches  unity  a»  ^  incrcofies.  If  K“l,  then  I  is  20%  of 

r 

A  ^  & 

t  when  f,».76,  T  is  307,  of  t*  when  £  »65,  and  T  is  407.  of  t  when 
c  d  e  d  ’  e 

f  .“.54  (see  Figure  IV 10).  These  percentages  increase  as  K  increases  and, 


Sop  Reference  2, 
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hence,  aa  increases.  If,  therefore,  a  20%  return  was  considered 

marginal,  then  one  might  insist  on  a  307.  return  for  the  worst  case  (where 
K«l)  and  hence  would  consider  only  those  countermeasures  whose  effective¬ 
ness  was  at  least  .65  (that  is,  consider  only  those  situations  where  fd 
was  less  than  or  equal  to  .65). 

Combining  those  two  approaches,  the  greatest  value  of  that  is  of 
genera]  use  will  be  set  at  .7,  midway  between  .65  and  .74.  Note,  that 


n 

the  trade-offs  among  H,  X,  and  ~  =  1^  for  this  boundary  case  where  f^w.7 
are  presented  in  Figure  D-26. 

The  second  factor  in  the  list  can  be  interpreted  as  follows!  If  T  is 
measured  in  hours  is  it  significant?  Or,  should  it  be  measured  in  days  or 
in  weeks  to  ba  significant?  This  is  another  value  Judgement  required  in 
assessing  the  practicality  of  couritermeaoure  operations.  In  general,  it 
would  appear  that  T  should  be  greater  than  one  week  if  the  operation  is  to 
be  feasible.  If  a  minimum  T  of  7  days  is  necessary  and  a  maximum  of  ,7 

lo  necessary,  then  the  range  of  H  and  1^  where  use  of  the  countermeasure  is 
feasible  can  be  seen  In  Figure  D-26.  In  Figure  D-26 ,  the  boundary  case  where 

fd».7,  it  can  be  seen  that  1  2  1  week  if  ;>  100.  That  is,  if  K*1000,  then 

e 

\ 

I  should  be  less  than  10.  Because  I  »  ~  ,  if  D “200,  then  At  should  be 

G  G  /\L  X 

longer  than  20  days  for  the  countermeasure,  in  general,  to  be  worthwhile. 

As  another  example,  assume  the  countermeasure  efficiency,  was  .5. 

H 

Then,  from  Figure  D-28,  should  be  greater  than  50  if  T  is  to  be 

greater  than  one  week,  bet  11=1000  r/iir.  In  this  case  —  >  50  implies  that 


e 
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;OQr,  then  At  >  10  days 


T 

I  «  — -  <  20,  or  that  D_  <  20  At.  Thus,  if  D_«  2 

e  ac  ’  T  ’  T 

is  a  situation  where  the  countermen sure  is  potentially  valuable.  Obviously, 
the  range  of  applicability  At  >  10  (lays,  is  considerably  wider  than  the 
range,  when  »  .7,  which  was  At  >  20  days. 

In  summary,  if  T  is  the  minimum  useful  T,  and  if  is  given, 

•*»». .  _ 

then  from  the  proper  tV(  figure  (one  of  Figures  D-  24  through  D-29)  a  constant 

K  (f,,  X  .  )  cnn  be  determined  such  that  If-  >  K(f ,,X  ,  )  insures  that  T 
d*  min  I  u*  min' 

e 

will  be  greater  than  T  ^  .  Therefore,  the  progression. 


o 


A. ,  “VW 


K(f . ,T  .  ) 

At  >  — 0T 


(0-30) 

(D-31) 

(D-32) 


and  in  particular,  the  last  inequality,  defines  the  corresponding  range  of 
situations,  ac,  H^,,  and  H,  where  the  countermeasure  is  potentially  valuable. 

In  regards  to  the  third  factor  on  the  list,  it  is  interesting  to 

T 

examine  only  the  ratio  and  obtain  an  indication  of  its  value.  As  was 
done  in  the  case  of  the  first  factor.  Equations  13-16  and  IV20  may  be  combined 


to  yield: 


_T 

At 


* 

,  t 

1  + 

2  At 


(1-f 


.833, 


(D-33) 


This  relation  is  probably  most  important  when  At  is  small,  (say,  less  than 
■j  days).  In  such  cases,  one  might  investigate  under  what  conditions  T/At 
would  be  greater  than  1.  To  do  this  set  f{|  equal  to  .65,  Then,  if 
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*  A 

t  %  T  t  r 

_i.  a  2  —~  =  .75.  and  similarly,  if  =>  5,  ~  ■  1.65.  In  this  manner 

At  At  At  At 

* 

Ce  T 

it  Is  easy  to  determine  the  range  of  —  if  a  minimum  value  of  is 

AC  At 

specif! ad, 

The  above  la  presented  as  a  brief  treatment  of  several  factors  of 
general  interest  when  assessing  the  applicability  of  countermeasures  used 
to  speed  recovery.  In  order  to  arrive  at  specific,  conclusions,  rather 
than  broad,  general  ones,  it  is  necessary  to  study  specific  examples  of 
various  countermeasures  applied  to  particular  situations.  It  is  for  thia 
type  of  study  or  operations  planning  that  the  curves  In  the  preceding 
sections  are  presented. 
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Appendix  E 

Studies  of  Decontamination  Effectiveness 

I.  INTRODUCTION 

A.  Obi actives 

As  a  radiological  countermeasure,  decontamination  can  be  emp toyed  to 
achieve  one  or  more  different  operational  objectives.  For  example,  it 
may  be  used  to  accelerate  the  re-entry  and  recovery  of  a  contaminated 
building  or  building  complex.  It  may  be  UBed  to  reduce  the  radiation 
hazard  associated  with  a  continuing  operation  such  as  a  power  station  or 
communication  link.  It  may  be  used  to  reduce  the  ratiatlon  dose  associated 
with  a  change  in  operations,  such  as  H+2  week  shelter  emergence.  In  each 
of  these  applications  and  others  that  may  arise,  decontamination  achieves 
the  objective  by  removing  fallout  material  and  thus  reducing  the  radiation 
intensity  in  the  neighboring  space.  The  degree  to  which  a  particular 
operational  objective  is  achieved,  depends  on  the  effectiveness  with  which 
decontamination  reduces  the  intensity.  This  in  turn  depends  on  the  amount 
of  fallout  material  removed  from  specific  contaminated  planes  as  a  result 
of  decontaminating  those  planes,  and  on  the  ln^iortance  of  each  plane  as  a 
contributor  to  the  intensity  at  the  point  where  the  Intensity  reduction  is 
measured  or  desired. 

This  report  examines  the  reduction  in  intensity  that  is  achieved  in  a 
variety  of  circumstances  as  a  function  of  the  manner  in  which  planes  are 
decontaminated  and  of  the  importance  of  each  plane  to  ths  intensity  at  the 
detector  location.  In  particular,  the  analyses  are  formulated  to  accomplish 
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the  following  primary  objectives: 

1.  Determine  the  intensity reductions- achieved  by 
decontamination  method^  applied  to  practical  situation*  involving 
real  physical  structures. 

2.  Determine  the  intensity  reductions  that  can  be  achieved  wh.;n  the 
detector  is  located  inside  a  structure  and  when  the  detector  * i 
located  outside  the  structure. 

3.  Determine  the  decontamination  costs  (equipment,  water  expended, 
radiation  dose  received  by  the  decontamination  craws)  in  achieving 
the  intensity  reductions. 

4.  Determine  the  sensitivity  of  the  achieved  Intensity  reduction  to 
the  cleaning  efficiency  of  the  decontamination  operation  (.and, 
therefore,  to  the  type  of  decontamination  method), 

5.  Determine  the  relative  importance  of  the  various  surfaces  (roofs, 
paved  roads,  parking  lots,  etc.)  that  can  be  deoontamlnat ad  to 
tho  intensity  reduction  that  can  be  achieved. 

To  accomplish  the  above  objectives,  ten  situations  warn  analysa-l. 

Each  analysis  forms  the  basis  of  one  of  the  sections  of  Chapter  IX,  Muu 
analyses,  Chapter  II,  Sections  B  through  J,  investigate  the  effect  on  the. 
Intensity  reduction,  inside  and  outside  existing  NFSS  shelters,  of  d<u  ontami 
natlng  the  various  accessible  contaminated  areas  on  and  around  the  shelter 
structure.  These  analyses  are  summarised  in  Table  E-IV  in  Chapter  t'i  f 
this  appendix.  The  tenth  analysis,  Chapter  II,  Section  K,  is  a  paraim  trie 
study  that  investigates  the  effects  of  certain  structural  parametern  (floor 
and  wall  weights, apertures,  story  of  the  detector,  etc.)  on  the  intercity 
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reduction  resulting  from  decontaminating  a  variety  of  contiguous  contaminated 
planes.  Chapter  II,  Section  L  is  a  parametric  study  that  investigates  the 
width  and  length  effects  on  out9ide  intensity  reductions  as  a  result  of 
decontaminating  various  street  segments  in  an  urban  area. 

AIL  analyses  are  formulated  so  that  the  effect  of  decontaminating 
selected  subsets  of  the  accessible  areas  (roofs,  street  segments,  parking 
lots,  etc.)  with  any  level  of  decontamination  effort  may  be  determined 
quickly  and  easily.  Although  the  analyses  assume  a  uniform  distribution 
of  fallout  material,  a  method  by  which  the  resultB  can  be  modified  (or 
interpreted)  for  the  situation  involving  non-uniform  distribution,  is  also 
presented  (Chapter  I,  Section  F). 

B.  Decontamination  Data 

Decontamination  efforts  are  applied  to  relevant  contaminated  surfaces 
and  the  fallout  material  removed  is  estimated  using  the  information  developed 
at  USNRDL  (References  E-l,  E-2,  E-4,  and  E-5)  and  Curtlss-Wright  (Reference 
K«6).  The  decontamination  effort  is  measured  in  terms  of  the  resources 
required  to  decontaminate ,  to  a  given  level,  a  specified  area  (square  feat) 
of  a  specified  material  (asphalt,  concrete,  tar  paper,  ground,  etc,).  The 
resources  employed  arc  specif iod  by  describing! 

1,  The  typo  of  equipment  used  (street  flushors,  firehoses,  etc.); 

.  The  number  of  working  personnel  required; 

3.  The  resources  expended  (gallons  of  water,  fuel);  and, 

4.  The  tinia  required  for  the  decontamination  activity. 

This  specification  is  restricted  to  the  actual  decontaminating  activity 
and  hence  does  not  include  such  items  ns: 
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1 .  The  time  required  to  transport  people  and  equipment  to  and 
from  the  site; 

2.  Resources  required  for  the  above  transportation; 

3.  Requisite  coordinating  cownand  and  control  activities  such  as 
radiological  monitoring;  and, 

4.  When  appropriate,  additional  resources  required  to  transport 

the  collected  fallout  material  away  from  the  decontaminated  site. 

Xri  general,  when  decontaminating  a  specified  structure,  throe  types  of 
surfaces  are  investigated .  First,  the  roof  of  the  structure  Itself  is 
decontaminated  using  firehose  teams.  This  effort  normally  requires  a  seven- 
man  team  working  .1  to  .4  hours  per  thousand  square  feet  to  remove  90  to  98 
per  cent  of  the  fallout  material  deposited  on  the  roof  (Reference  E-6), 
Second,  the  paved  ground  surfaces  (roads,  parking  loto,  and  playgrounds) 
adjacent  to  the  structure  are  decontaminated.  In  this  case  various  methods 
including  firehose  teams,  street  flushars,  mechanical  sweepers,  and  vacuum 
sweepers  are  employed.  Whan  equipment  other  than  firehoses  is  used,  it 
normally  requires  a  one-man  team  working  .0i  to  .04  hours  per  thousand  square 
feet  to  remove  90  to  98  per  cent  of  the  fallout  material  deposited  on  the 
surface  (Reference  E-6).  When  firehoses  are  used  to  clears  the  paved 
It  normally  enquires  a  five-man  team  working  .04  to  .2  hours  per  thousand 
square  feet  to  remove  about  95  per  cent  of  the  fallout  material  deposited  on 
the  surface  (Reference  E-6) .  Third,  when  appropriate,  the  roofs  of  adjacent 
buildings  are  decontaminated  using  six-  or  G even -man  firehose  teams.  For 
each  surface  in  each  study,  the  methods  employed,  times  required,  and 
traction  of  the  fallout  materiel  removed  arc  specified. 
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C .  Structures  Analyzed 


As  stated  earlier,  one  purpose  of  this  facet  of  research  Is  to  apply 
decontamination  efforts  and  efficiencies  to  real  physical  structures  -and-  - 
to  estimate  the  intensity  reductions  that  can  be  accomplished  in  practical 
situations.  To  accomplish  this,  nine  structures  ware  selected  from  a 
previous  study  of  KFSS  buildings  vhare  building  protection  factors  (PF)  are 
computed  (Reference  E-3)  using  the  Engineering  Manual  (Reference  E-7) . 

In  addition  to  the.  nine  real  structures,  a  tenth  hypothetical  structure 
Is  included  to  examine  the  effect  on  the  intensity  reduction  of  certain 
factors  such  as: 

1.  The  Inclusion  of  interior  partitions ; 

2.  The  floor  on  which  the  detector  la  located; 

3.  The  percentage  of  apertures;  and 

U.  The  mass  thickness  (psf)  of  the  exterior  walla. 

In  this  parametric  study,  and  also  In  Chapter  II,.  Sections  B,  6,  and  H,  the 
Intensity  reduction  is  studied  first  with  the  detector  located  inside  the 
structure,  and  second  with  the  detector  located  outside  the  structure.  Jffhsn 
the  detector  Is  located  at  ground  level  outside  the  structure,  it  is 
interesting  to  note  that  no  intensity  contribution  is  received  from  contami¬ 
nated  roofs  of  the  surrounding  structures,  This  characteristic  (from 
Reference  E-7)  is  not  expected  to  be  valid  when  the  surrounding  structures 
have  low  PF's  (such  as  might  be  encountered  In  analyzing  a  shopping  center). 

D .  In  tensity  Reduction  Cal  o.ulation 

The  determination  of  intensity  reduction  brought  about  by  decontamination 
efforts  involves  the  use  of  several  t-.srms  (or  definitions)  whose  meaning  should 
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be  clarified  before  entering  into  the  individual  analyses.  These  term® 
will  be  developed  and  explained  using  a  simple  example  whose  layout  1« 
presented  in  Figure  G-l.  The  structure  of  Interest  oucupiea  one-half  of 
a  city  block  and  has  paved  surfaces  (roads  and  parking  lots)  on  all  four  • 
sides.  As  in  the  actual  analyses,  detailed  dimensions  will  not  be  included 
on  the  map.  Two  detector  locations  will  be  considered!  Number  1  location  la 
inside  the  structure,  and  Number  2  location  is  outside  the  structure  in  the 
center  of  en  adjacent  street.  The  effect  of  decontaminating  three  surfaces  * 
a  roof,  s  parking  lot,  and  a  street  segment  (numbers  1,  2,  and  3,  respectively) - 
on  the  intensity  at  the  two  detector  locations  will  be  determined. 

The  first  factor  to  consider  In  an  analysis  Is  the  extant  to  which  a 
contaminatad  surface  is  cleaned.  When  decontamination  resources  are  applied 
to  a  specified  arcs,  the  affect  of  the  effort  la  measured  by  the  achieved 
reduction  in  residual  mess  level  of  fallout  material.  This  effect  is  specified 
by  tha  fraction  of  the  fallout  material  deposited  on  the  area  that  remains  on 
the  area  after  the  decontamination  operation  is  completed.  Each  surface 
decontaminated  will  have  an  aseoclatcd  fraction.  The  1th  fraction,  associated 
with  the  i6*1  area,  is  called  the  mass  reduction  factor,  E^,  of  the  lt*1  area. 


It  is  defined  as  follows: 


(E-l) 


ft 

where  ’■  rasas  deposited  on  the  i  area,  and  «  mass  remaining  on  the 
itl1  area  after  the  area  has  been  decontaminated.  Both  nu  and  are  assumed 
to  be  uniformly  distributed  over  the  surface  of  interest. 


• 

fire  hydrants 

Ideal  Intensity 

Reduction  Factors 

detector 

location 

1 

detector 

location 

2 

J  principal  building 

* 

jk 

! . . 

adjacent  buildings 

h ,i  "  -70 
* 

j  ■  .88 

* 
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* 

P1  “*33 

fl,2  "  1,0 
* 

f2  2  "  >92 

® 

detector  location  i 

f3,2  “  -13 

*2  “  *05 
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decontamination  a ecu 
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If  no  material  Is  removed  during  the.  decontamination  operation,  then 
1.  If  all  of  the  fallout  material  is  removed  in  the  process,  them  E^-  0. 

In  general,  Is  a  function  of  the  level  of  decontamination  effort  applied 

►  V* 

to  the  1  area;  it  will  oe  leas  chan  one  end  than  In 

Figure  E-l,  there  are  three  areaa  to  ue  decontaminated,  and,  therafore, 
there  are  three  mass  reduction  factora  to  be  considered.  If  85  per  cant  of 
the  fallout  material  is  removed  from  the  roof,  uurfaoa  1,  than  Ej"  .1$.  If 
95  per  cent  of  the  fallout  material  ie  removed  from  tha  street  segment,  than 
E3“  .05.  If  90  per  cant  of  the  fallout,  material  la  removed  from  the  parking 
lot,  then  E2«  .10,  Numerical  values  of  these  factora  are  found  In  curves 
that  relate  the  maos  removed  to  the  effort  expended.  Exan^lca  of  auch 
curves,  taken  from  Reference  E-6,  are  presented  in  Figure  E-2. 

A,  |a 

Removing  a  portion  of  the  fallout  material  deposited  on  the  1  area 
will  decrease  the  radiation  intensity  in  and  around  tha  structure.  The 
magnitude  of  the  resultant  decrease  will  depend  on  both  tha  location  of  the 
point  where  the  intensity  ie  measured  and  on  the  type  and  location  of  structures 
in  the  locality.  Therefore,  in  Figure  E-l,  the  effect  of  E 2“  ,1  on  the 
intensity  at  detector  location  one  will  be  different  from  the  effect  of  ,1 
on  the  intensity  at  detector  location  two. 


In  addition  to  depending  on  the  detector  locations,  the  fraction  by  which 

the  intensity  decreases  will  depend  on  the  intensity  contribution  from 

fallout  material  remaining  on  the  other  contaminated  areas.  To  determine  the 

composite  effect  of  on  the  intensity  at  detector  location  j,  it  is  necessary 

to  calculate  or  measure  the  point  Intensity  at  location  Ij  ,  and  the  portion 

of  the  point  intensity  that,  is  due  to  the  contamination  on  the  area,  I,  . 

I T  1 


''All 


Intensities  are  assumed  corrected  to  eliminate  the  effect,  of  decay. 


v  -  ~— i  -1 


to-nri mr-stik 


i 


When  the  distribution  of  fallout  material  in  neighboring  spa©*  is  specified, 
these  Intensities ,  X ^  and  1^  y  ©an  ba  calculated  using  the  Method*  prestiKad 
in  the  OCD  Engineering  Manual  (Reference  E-6) .  Because:  "  V  v  >1 v  • 


1. 


all  contaminated  areaa  contribute  independently  to  tfta 

n 


intensity  at  location  j  (that  la,  X 


J 


t-i  1ui*™**m 


number  of  contributing  contaminated  arena) j  and 

tzh 

2.  the  intensity  due  to  the  1  area  la  directly  proportional  to 
the  fallout  material  on  the  1  area, 

the  intensity  at  location  j  after  only  the  kth  area  ie  decontaminated* 

V  18 


*5  -  xj  -  (1-v  Vj 


(R-2) 


th 


obviously .  if  All  fallout  material  is  removed  from  th«  k  araa  (th* 

Ideal  caae  where  ■  0)  then 

In  this  ideal  situation,  the  fractional  reduction  that  has  occurred 

^  aL 

is  called  £.  ,,  the  ideal  intensity  reduction  factor  of  the  k  contaminated 
area  relative  to  the  Jth  detector  location,  end  is  defined  as  follows: 

f*  m  .  1.  ~ — h,  j  j  JiuJ.  (E>4) 

fk,j  Ij  Ij  W  ’ 

* 

For  each  contaminated  area  and  detector  location,  this  factor  f,  ,  rosy  be 

"*  j 

calculated  uoing  the  msthodfi  outlined  In  the  OCD  Engineering  Manual  (Reference  S-6) , 
The  factor  represents  the  fractional  reduction  in  intensity  that  can  bs 


achieved  at  detector  location 


by  perfectly  decontaminating  only  thsi  k 


th 


I 

I 
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contaminated  surface  (E^  ~0).  In  the  studies  presented  in  Chapter  II, 
these  factors  were  calculated  using  a  computer  program  developed  at  RTI 
for  calculating  the  protection  factors  or  fnllotti  fil.oltirs .  In  Figure  E-l, 
these  factors  have  been  assigned  the  following  representative  values: 


at  detector  location  1 


at  detector  location  2 


surface  1  f*  ^  *  .70 
surface  2  f*  ^  -  .88 
surface  3  fj  ^  »  .75 


surface  1 
surface  2 
surface  3 


1.2 

f2,2 


1.0 


.92 


.13 


Let  the  Intensity  at  detector  location  one  be  1^  and  the  intensity  at 
detector  location  two  be  I,.  Thus,  If  surface  3,  the  street  segment,  is 
perfectly  decontaminated  (E^  »  0),  then  the  new  Intensity  at  detector  one, 

*  - 

H  "  ^3,1  Li  "  ,75  li  *  *E“5^ 

and  the  new  intensity  at  detector  location  two,  1^,  la 

-  f*,2  h  •  15  ■  <M> 


That  is,  by  removing  all  fallout  material  from  surface  3  (and  only 
surface  3) ,  the  intensity  at  detector  location  one  (two)  is  reduced  to 
75  per  cent  (13  per  cent)  of  its  former  value.  In  contrast,  if  all  fallout 
material  la  removed  from  surface  1  (and  only  from  surface  1) ,  then  the 
intensity  at  detector  location  one  is  reduced  to  707.  of  its  former  value 
while  the  Intensity  at  detector  location  two  is  not  affected  (fj  ^  *  1.0). 


-  iS-U 


The  ideal  intensity  reduction  factors,  f,  , ,  form  the  core  of  the 

i  .1 

intensity  reduction  analyses.  At  the  beginning  of  each  analysis,  they  are 
determined  for  each  surface  of  interest,  relative  to  each  detector  point  of 
Interest.  In  terms  of  these  (the  f,  '&)  and  the  mass  reduction  factors, 

1  »  J 

E^ ,  the  intensity  reduction  at  any  detector  location  can  be  determined  for 

any  combination  of  decontaminated  surfaces.  To  develop  the  appropriate 

expression  for  this,  first  consider  the  intensity  reduction  achieved  at 

detector  location  j  when  surface  k  (and  only  surface  k  )  is  decontaminated 

with  E.  ^  0.  In  this  realistic  situation,  the  fractional  reduction  that,  has 
k 

occurred  is  called  f  ,  the  intensity  reduction  factor  of  the  k  contaminated 
area  relative  to  the  j1*1  detector  location,  and  la  defined,  using  Equation  E-2, 
as  follows: 


k,J 


h  -  (1-V  V, 


(E-7) 


This  lac; tor  is  more  conveniently  expressed  in  terms  of  E,  and  f,  an 

X  K,  j 

follows : 


f 


k,  j 


+  (1<J> 


(R-8) 


In  Figure  E-l,  as  before,  let  the  intensity  at  detector  location  one 
be  I.,  and  the  Intensity  at  detector  location  two  be  I,,.  In  addition, 
assume  that  957.  of  the  fallout  material  deposited  on  surface  3  is  removed. 
That  is,  let  Ej  "  .05.  As  a  result  of  thia  operation,  the  new  Intensity  at 
detector  one,  1. ^  ,  is 

rj  -  (.75  t  .25  x  .03)  I,. 

«  .7625  I,  ,  (E-9) 
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Vfiww; 


F.  -  1  -  f  . 

J  n.j 


n-1 

(n=l  -  2 

i-1 


’l.j' 


-  1 


in 

m  +  2 

i-1 


where  represents  the  contribution  from  the  surfecee  not 

decontaminated . 


Returning  to  the  example  in  Figure  E-l,  consider  the  bast 
intensity  reductions  that  can  be  achieved  at  each  detector  location 
when  the  three  surfaces  are  perfectly  decontaminated. 

At  detector  location  1, 


*  3  * 

F  -  2  f.  .  +  1  -  3 

i-->l  ’ 

-  .70  +  .88  +  .75  -  2 
«  .33 


At  detector  location  2, 


it  * 

f2  -  f  1,2  +  1  *  1 

l-l 


™  1  +  .92  +  .13  -  2 
--  .05 


(K-15) 


(K-16) 


That  is,  if  the  intensities  before  any  decontamination  ia  performed  are 
I  and  I.,,  and  if  surfaced  1,  2,  and  3  ara  perfectly  decontaminated,  then 
the  intensities  after  the  decontamination  is  perforrajd  are  .33  and 
.05  I?,  respectively. 

Tu  the  realistic  situation,  where  the  rouse  reduction  factors  are 
not  equal  to  zero,  it  ,e  a  simple  f<r oc£?ss  t.,-  show  that  the  combined  intensity 


K  -1A 


reduction  factor, 
substituting  f,  . 


Fj,  may  be  obtained  from  Equation  F.-14  by 

*  * 
in  place  of  f  ,  and  F  In  place  of  F,. 

1)  j  J  ■* 


merely 
That  la, 


m 

F,  "  Z  f  +  1-m  ,  (E-17) 

J  i-1  1»1 

where,  as  previously  stated,  f  in  equal  to  f  +  (l-£  .)  E,  . 

mJ  *■ »  j  J-ij  * 

Equation  E-17  is  the  expression  that  gives  the  fractional  reduction 
in  intensity  that  results  when  acveral  surfaces  are  decontaminated. 

To  sen  bow  closely  the  ideal  situation  is  approached  when  practical 
decontamination  methods  are  employed  In  Figure  E-'l ,  let  Ej  ■  .15,  “  .10, 

and  “  .05,  Using  Equation  E-8,  the  intensity  reduction  factors  are: 

At  detector  location  one, 


f  w 

1.1 

.  70  + 

.30 

X 

.  15  " 

.75 

£2,1" 

.88  -t 

.12 

X 

.10  - 

.892 

f3,l  ’ 

.75  + 

.25 

X 

.05  *> 

.7625 

TliwrAf  nrp 

?x  -  .75  4*  .892  +  .7625  -  2 
.4045 

* 

out.  of  a  possible  F^  ■=*  .33  as  determined  in  Equation  E-15. 
At  detector  location  two, 

f ,,  "  .*>2  +  .08  x  .1  “  .928 

f.  2  »  .1.3  +  .87  x  .05  *  .  1735  . 


(E- 18) 


(E-19) 


(E - 20) 
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Therefore 


F2  »  .1735  +  .928  -  1 
-  .1015 


(E-21) 


out  of  a  possible  =  .05  as  determined  in  Equation  E-16, 

On  the  other  hand,  if  only  the  ground  level  surfaces  (2  and  3) 
were  decontaminated  with  Ej  *  .10  and  E^  *  -05,  the  following  results 
would  be  obtained: 


At  detector  location  one, 


f  ,  -  .88  +  .12  x  .10  -  .892 

^  9 


f3  }  “  .75  V  .25  x  .05  -  .7625  . 


(E-22) 


Therefore 


Vl  -  .7625  +  .892  -  1 


.6565 


(E-23) 


Av  detector  location  two, 


£  »  .9?  +  ,rm  y  .1  ~  .928 

*  1 •' 


£  ■»  .13  +  .87  x  .05  -  ,1735 


CB-24) 


Therefore 


F0  =  .1735  +  .928  -  1 
-  .1015 


(E -253 


In  the  above  calculations,  the  factors  that  are  necessary  are 

(1)  the  fj  1 s  and  (2)  the  E^'s.  The  E^'s  are  obtained  from  curves, 
* 

and  the  f,  ,  s  Hire  calculated  with  the  techniques  used  to  calculate 

1.  J 

the  protection  factor  of  the  structure  itself  (Reference  f!-7)  .  The 
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combining  of  these  two  sets  of  factors  is  the  primary  portion  of  the 
analyses  presented  in  Chapter  II,  Sections  B  through  J. 


E .  Practical  Considerations 

In  this  final  section,  three  topics  are  discussed:  (1)  on-site 

'ff 

postattack  measurement  of  f,  (2)  sensitivity  of  f  ,  and  F,  to  the 

1  >  J  *•  *  J  *■ 

value  of  the  mass  reduction  factor  and  appropriate  simplified  expressions 
for  Fj ;  and  (3)  analysis  adjustments  to  account  for  weathering  in  calcula¬ 
tions  of  Fj .  Each  topic  will  be  discussed  using  the  example  presented  in 
Figure  E-l  and  the  definitions  presented  in  Section  D  of  this  chapter. 


Using  the  methods  presented  In  Reference  E-7,  the.  OCD  Engineering 
Manual,  the  pertinent  ideal  intensity  reduction  factors,  f  .  and  F  ,  can 

*  9  J  J 

be  determined  for  a  specific  building  Just  as  the  protection  factor  itself 

can  be  calculated.  In  the  poatattack  environment,  however,  these  factors 

will  he  unknown  ,  and  one  mist  conduct  an  on-site  measurement  of  the 
* 


factors  f,  in  order  to  decontaminate  in  the  lost  effective  maimer.  An 
1 1 J 

additional  reason  for  this  measurement  Is  that  expected  weathering  will 

cause  a  redistribution  of  fallout  material.  As  a  result  of  this  redistri- 

* 

bution,  the  values  oi  the  f.  factors  (and,  incidentally,  the  protection 

1  >  J 

factor  itself)  will  change,  and  therefore  the  effect:  of  decontaminating 
specified  areas  with  respect  to  specified  detector  locations  will  change. 
What  previously  were  important  areas  to  decontaminate  may  become  unimportant 
(and,  also,  the  reverse).  Therefore,  it.  would  be  desirable  to  check  values 

"ft 

of  the  f ^  ' s  by  measurement  prior  to  commencing  decontamination  operations. 

-V. 

An  on-site  estimate  of  important  factors  can  be  made  with 

appropriate  directional  detectors.  This  ran  be  seen  from  the  equation  for 


E-17  - 


.1  >  >  .01).  These  two  errors  -  using  E  »  .06  rather  than  •  .1  or 

_  |t  * 

E^  “  ,01  -  are  displayed  as  a  function  u£  F  j  in  Figure  E-4.  Based  OR 
Figures  E-3  and  E-4,  it  is  evident  that  the  actual  values  of  are  not 

A 

very  significant  in  determining  Fj  when  Fj  is  greater  than  ,2,  Therefore, 
* 


when  Fj  Is  greater  than  .2,  the  approximation 


Fj  a<  F*  +  (1  -  F*)  .06 

-  .94  F*  +  .06  (E-27) 

is  useful  for  quickly  estimating  F  .  This  approximation  Is  appropriate 
in  situations  where  the  detector  is  located  Inside  the  building.  In 
that  situation,  there  are  several  contributing  planes  -  ground  and  roof  - 
of  contamination.  Each  plana  will  have  an  appropriate  maas  reduction 
factor,  E^,  that  is  Isss  than..l,  and,  for  most  cases  (from  Flgurs  E-2), 
greater  than  .01.  If  was  assumed  equal  to  .06  for  all  planaa,  than  the 
maximum  error  in  the  calculated  Fj  would  arise  in  the  equally  unlikely 
situation  where  all  E^'s  were  actually  .1  (or  .01).  In  Actual  situations 
where  all  E^'s  were  assumed  equal  to  .06,  the  actual  value  of  E .  would  11a 
between  .01  and  .1,  on  both  sides  of  .06,  and  the  errors  that  result  from 
setting  E^  “  .06  would  tend  to  cancel  out,  resulting  in  an  error  much  less 
than  the  maximum  errors  shown  in  Figure  E-4. 


In  contrast  to  the  above  situation,  when  the  detector  is  located 

externally,  there  are  very  few  contributing  planes  -  ground-level  surfaces 

only  (Reference  E-7)  -  of  contamination.  In  particular,  the  plane  above 

* 


which  the  detector  is  located  is  ao  significant  k  contributor  that  Fj  can 

’ k  tfc 

often  be  assumed  equal  to  the  f  ,  of  that  plane,  In  addition,  this  f, 

*  s  J  t » j 


E-20 


E-  21 


tends  to  be  lees  than  ,2,  and,  In  many  cases,  less  than  .03.  For 

£ 

such  circumstances,  it  is  convenient  to  set  £  equal  to  f  E 

*  *  J  1- 

•/f 

rather  than  f.  .  +  (1-f.  ,)  E  .  When  f  is  leas  than  .1,  and  E.  Is 
*•  >  J  1  >  1  i  *■ » J  l* 

less  than  .1,  the  error  that  results  from  using  this  approximation, 
f^  j  “  ft  j  +  is  always  less  than  5.3%  as  shown  In  Figure  E-5. 

F.  Won-Uniform  Distributions 

When  it  Is  desired  to  predict  the  effects  of  weathering  or 
redistribution  of  fallout  material,  the  preceding  discussions  are 

•ff 

applicable  if  the  value  of  f,  ,  Is  properly  modified.  The  adjustment 

J 

1 k 

of  f.  is  developed  from  the  basic  equation  for  the  intensity  at 
1  ■  J 

detector  location  J  , 


1.  -  J!  1.  ,  ,  (E-28) 

j  ^  1»J 

If  the  fallout  material  is  shifted  about,  the  intensity  at  j  becomes 

l]m  n,I1(J  ,  (E-29) 

where  k^  is  the  fractional  increase  or  decrease  in  material 
deposited  on  the  iL'1  piano.  This  expression  can  also  be  written  as 

Ij  -  kj['T,  .j  »  (E-30) 


where  k^  is 
location  j 


the  fractional  increase  or  decrease  in  intensity  at 
due  to  the  redistribution.  From  Equation  E-4, 

I. 


fl.J  1 


_ lil 


(E-4) 
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r\  rs  k 

the  appropriate  C  after  weathering  has  occurred,  f4  becomes 
1  >  J  » >  j 


**  ki  Ii  i 

f  =  1  .  — _ i-ci 

i,j  *■  "  ’ 


kj  f  Ii,J 


(E-31) 


or 


**  * 


(E-32) 


Naturally,  if  the  weathering  does  not  change  the  intensity  at 
location  j  (k^  ■  1),  then  the  ideal  intensity  reduction  factors 
become 


f** |  •  1  -  k^  +  f*  ^ 


(E-33) 


II.  INDIVIDUAL  DECONTAMINATION  STUDIES 


A.  Introduction 
1 .  Contents 

This  chapter  presents  the  results  of  the  application  of 
decontamination  efforts  to  some  reul  and  hypothetical  situations. 
The  first  nine  studies,  Sections  B  through  J,  primarily  investigate 
the  effect  on  the  intensity  reduction  inside  of  nine  NFSS  shelters 
as  a  result  of  decontaminating  accessible  contaminated  areas  in  and 
around  these  structures.  The  structures  are  as  follows: 
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Section  H 


Section  C 


Section  D 


Section  F 


Section  F 


Section  G 


Section  H 


Section  I 


Section  .T 


Six-Story  Apartment  Building 
Si  West  182nd  Street 
Bronx,  New  York  City 
New  York 

Six-Story  Apartvaent  Building 
362  West  52nd  Street 
Manhattan,  New  York  City 
New  York 

Twenty-one -Story  Office  Building 
310  Park  Avenue 
Manhattan,  New  York  City 
New  York 

General  Dyestuff  Corporation  Building 
435  Hudson  Street 
Manhattan,  New  York  City 
New  York 

High  School  Gymnasium 
Bennett  Street 
Boston,  Massachusetts 

Simonds  Press  Building 
37-49  South  Avenue 
Rochester,  New  York 

Department  of  the  Interior  Building 
18th  and  C  Streets,  N.  W. 

Washington,  D.  C. 

Threa-Story  Department  Store  Building 
619  Main  Street 
Houston,  Texas 

Hell  Telephone  Building 
WIO  Pine  Street 
St.  l.ouia,  Missouri 


‘rhese  buildings  were  selected  from  a  group  of  NFSS  buildings  for  which  data 
necessary  for  the  various  calculations  were  readily  available. 

For  each  structure,  the  intensity  reduction  is  determined  for  each 
accessible  area  Individually,  and  for  all  areas  combined,  fc-v  various  levels 
ul  selected  decontamination  methods.  in  addition,  these  studies  show; 
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decontamination  nan -hour  it  for  each  Intensity  reduction;  the 
sennitivlty  of  the  achieved  reduction  to  the  cleaning  efficiency 
of  the  decontamination  operation;  and  the  relative  importance  of 
decontaminating  various  accessible  areas.  The  costs  in  water  and 
fuel  can  be  calculated  for  each  ease  study  by  using  the  expenditure 
rates  in  Tables  E-I  and  E-IX. 

In  addition  to  the  above  structures,  a  tenth  structure, 

Section  K  Five-Story  Parametric  Study  building 

Ficticious  I.ocation 

in  included  to  examine,  in  a  controlled  parametric  manner,  the  effect 
on  radiation  intensity  reduction  of  several  structural  features 
important  in  radiation  shielding. 

Section  L  is  a  parametric  study  of  the  affects  on  outside  Intensity 
reductions  of  decontaminating  street  ncgweiUR  of  various  lengths  and 
widths. 

Alsu  included  in  three  of  the  nine  studies  are  data  tor  detector 
locations  outside  of  the  structures. 

;! .  Presentation  of  the  Data 

The  detailed  results  of  decontamination  studies  for  each  of  the 
nine  real  strut '.urea  arc  presented  In  Sections  B  through  J.  For  each 
.structure,  the.  following  analysis  material  in  presented; 

(a)  Building  address,  detector  location  in  the  structure , 
and  the  protection  factor  (see  Section.  2a-2c  for  each 
structure,  paragraphs  B  through  K  below); 

-  ■ 
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(')  Description  of  the  relevant  decontamination  areas, 

Including  identification  (e.g,,  1.  roof,  2.  parking 
lot),  surface  material  (e.g.,  tar  and  gravel),  and 
area  in  square  feet  (see  Section  2d  for  each  structure); 

* 

(c)  Ideal  intensity  reduction  factor  (f^  .)  associated  with 
each  decontamination  area.  These  values  Indicate  the 
relative  importance  of  each  area  to  the  intensity  reduction 
that  can  be  achieved  for  the  structure.  In  addition,  the  Ideal 

•h 

combined  intensity  reduction  factor,  F. ,  is  given.  This  value 
is  the  best  possible  intensity  reduction  factor  that  can  be 
achieved  for  the  particular  structure  by  perfectly  decontaml- 
nating  all  selected  areas  (see  Section  ?.ft  for  each  structure); 

(d)  Man-hours,  and  effectiveness  data  for  each  individual  area. 
Effectiveness  data  arc  expressed  in  terms  of  the  practical 
Intensity  reduction  factor  which  can  be  achieved  as  n  result 
of  applying  various  levels  of  decontamination  effort  for 
selected  methods  of  decontamination.  Corresponding  decontami¬ 
nation  costa  In  water  and  fuel,  nwy  he  derived  from  TnhlftB 

E-T  and  F.-II,  extracted  from  a  draft  of  a  Federal  Civil 
Defense  Guide  (Reference  E-B)  ; 

(c)  Combined  practical  intensity  reduction  factors,  V  ,  resulting 
from  decontaminating  one  or  more  of  the  selected  arcus 
associated  with  the  structure  {see  Section  2g  for  each 
structure) ; 
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(f)  A  discussion  of  unusual  factors  or  items  encountered 
in  the  analysis,  whan  appropriate  (Section  1  for  each 
structure) ; 

(g)  A  map  showing  tha  location  of  the  building,  the  location 
of  the  areas  to  be  decontaminated,  and  tha  location  o f  the 
detector  (Section  1  for  each  structure) ;  and 

(h)  Photographs,  when  available,  showing  the  building,  its 
surroundings,  and  the  areas  to  be  decontaminated  (Section 
4  for  each  structure). 

For  certain  selected  structures  (Sections  B,  G,  end  H),  an 
outside  detector  as  well  at  an  inside  detector  was  considered.  For 
these  studies,  the  following  additional  Information  ia  Included  I 

(a)  The  location  of  the  outside  detector ( 

(b)  The  original  PF  at  the  site  of  the  detector;  and 

iff 

(c)  Some  ideal  intensity  reduction  factors  (f.  values) 

*»  J 

associated  with  the  outside  detector  and  the  contributing 
planes  of  contamination. 

3 ,  Manner  of  Analysis 
a .  F.ffcctivencSB 

Specifically,  a  particular  area  (contaminated  plans)  is 
fialoctod,  and  a  decontamination  method  (e.g.,  street  sweeper) 
applied  at  one  or  more  levels  of  effort  to  achieve  one  or  mot® 
mass  reduction  factors,  E^,  for  the  area.  The  relations  between 
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effort  and  mass  reduction  factors  are  given  in  Tables  F,-T.  and. 
£-11,  extracted  from  Reference  E-o. 

The  practical  intensity  reduction  factor  achieved  in 
applying  a  particular  E^,  to  the  area  is  computed  by  use  of 

Equation  E-8  and  the  ideal  intensity  factor,  ft  of  the  area. 

*■»  J 

For  combined  strategics  (more  than  one  area  decontaminated) , 
the  reduction  factors  are  computed  by  combining  the  intensity 
reduction  factors  for  the  various  individual  areas  in  the  manner 
Indicated  by  Equation  E-26.  Each  combination  of  E^  and 
decontamination  method  is  identified  by  a  strategy  identification 
symbol  (®,g.,  FTGl-1,  firs  hots  on  tar  and  gravel  roof  with 
E^  -  .01).  These  may  be  interpreted  by  reference  to  Tables  E-I 
and  E-XT.  Results  of  these  calculations  are  summarised  in 
Table  E-1V  (see  page  E-35) . 

These  strategics  were  selected  to  provide  an  indication  of 
the  sensitivity  of  the  practice!  intensity  reduction  factor  to 
the  E1  (and  thus  the  associated  effort)  for  the  given  area  and 
decontamination  method.  Further,  the  combined  strategies  portray 
the  range  of  practical  intensity  reductions  obtainable  for  real 
structures  by  decontamination,  along  with  their  costs.  In 
addition,  they  illustrate  the  sensitivity  of  intensity  reduction 
in  the  structure  to  the  manner  in  which  effort  is  allocated  among 
the  various  areas. 

b .  Goats 

Cost  data  for  Bingle  and  combined  strategies  are  given  in 
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terms  of  total  man-hours  of  effort,  water  and  fuel  usage,  and 
crew  dose.  Man-hour  costs  are  calculated  by  relating  the  unit 

-tf  **•*.  /MaLU.  m  t  (!  TT\  a.  «.  kk*  aJaa  « £  kka  eshaea  4  m  .  X 

cuuu  \nuin  e.~ J.  muu  i.v  viw  vfw  wfc  enw  wwse  \sMsa«w*rw  w  - - 

Section  2d  for  each  structure)  far  each  single  strategy  (liittti,.  l:-  • 
in  Section  2f  for  aach  structure)  and  turning  for  all  decootaiii*  '" 
nat ad  areas.  Other  kinds  of  costs  (a.g,,  gallons  of  wateir)  o*n  .  '  •  . 

be  computed  by  similar  uaa  of  the  data  in  Sections  2d  and  2f  tor 
each  structure,  and  Tables  £-1  and  £-11.  Should  tha  readar  want  ,-\>- 

to  make  similar  calculations  of  tha  per  cent  of  fallout  removed 
by  decontamination,  he  la  reminded  that  the  initial  mast  loading 
of  fallout  material  affects  the  per  cent  of  fallout  ramevad  to*  a  '  •5'* 

■  . 7“'-i  ’  ■..-'W;.? 

,  ;  •  v  -  v?iv 

specified  effort .  Further  considerations  and  experimental  t**uS 

■  '  | 

ara  contalnad  in  Refer  erica  E-4. 


8untnary  of  Raaulta  from  Decontamination  Studies 
a.  Tha  Nina  Raal  Structuraa 
(1)  General 

The  purpose  of  this  section  Is  to  Sunnutrixe  it)*  l«il 

analysis  data  associated  with  tha  nine  raal  structure  \studias 
presented  in  Section*  5  through  J,  In  interpreting  ^hesa 
results,  it  should  bn  noted  that  since  these  structures  were 
selected  from  actual  NTS 3  data,  they  may  not  be  representative 
of  those  buildings  which  it  would  be  desirable  to  decontaminate 
In  the  postattack  period.  Further,  inferences  drawn  from 


For  each  of  the  nine  structur-es ,  a  sample  calculation  of  crew  dost  for 
each  strategy  is  given  corresponding  to  an  initial  reference  intensity  of 
10,000  r/hr  and  a  decontamination  time  of  H+2  weeks.  Since  an  initial 
intensity  of  10,000  r/hr  will  approximately  decay  to  an  intensity  ef  10  r/hr 
in  two  weeks,  these  crew  dosoe  wero  calculated  simply  by  multiplying  th#  team 
hours  of  effort  by  10. 
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these  individual  structures  rosy  not  be  Applicable  to 
larger  complexes  of  buildings  or  isolated  buildings  not 
surrounded  by  other  structures. 


(2)  Ideal  Reduction  Pec  tore  f  Perfect  Dacenumlnatianl 

Table  E-XI1  surrmarizes  the  combined  ideal  reduction  - 

• <ff  ~1' 

factors  (F^'a)  computed  for  each  of  the  nine  a true tubes — 
and  provides  an  indication  of  the  increased  protection ; 
brought  about  by  perfectly  decontaminating  the  ancenalbla 
areas.  For  seven  of  the  nine  structures ,  the  intensity 
which  can  be  removed  ranges  from  96  to  99.9%;  this  is 
equivalent  to  increasing  the  protection  by  factors  ranging 
from  7  to  1000.  For  the  other  two  atructutea,  68  per  cant 
end  79  per  cent  can  bo  removed,  This  correspond*  to  an 
increase  In  protection  by  factor*  of  3.1  and  4.6. 


(3)  Reduction  Factors  Achievable  in  Practice  J 

Although  practical  values  of  intenalty  reduction  factors 
approaching  those  F*'s  given  in  Table  E-III  could  be  achieved, 
it  may  not  be  desirable  to  expend  the  effort  nacnasary  to 
achieve  ’'perfect"  decontamination.  The  data  in  Table  E- IV 
provide  an  indication  of  practical  combined  intensity  reduction 
factors,  F^,  that  could  be  achieved  for  these  structures  for 
selected  decontamination,  strategies.  For  each  structure, 
the  F^’s  mid  their  correopondS.ng  costs  in  man-hours  of  effort 
are  given  for  three  acta  of  selected  strategies.  These 
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see  Reference  E-8. 
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strategies  are  formed  hy  the  cleaning  of  one  or  more  Of 
the  accessible  decontamination  areas.  The  individual 
strategies  which  make  up  each  combined  strategy  are 
identified  by  a  symbol  in  Tables  E- 1  and  E-II  and  in  the 
detailed  results  in  Sections  B  through  J. 

(A)  Effect  of  I-evol  nf  IWontamt nation  Effort 

The  first  two  sett  of  combined  strategies  are  Identical 
except  that  a  smaller  (mors  fallout  is  removed)  Is 
applied  to  each  area  for  the  first  set  of  strategies  than 
for  the  second,  For  the  second  set  of  strategies  (lesser 
decontamination) ,  it  ten  be  scon  that  from  61  per  cent  to 
92  per  cent  of  the  intensity  oouid  be  removed  from  these 
structures  at  s  cost  varying  from  0.4  to  8.7  man-hours.  For 
seven  of  the  nine  structures  (excluding  H  and  J)  from  74  par 
cent  to  92  per  c*nt  can  be  removed  at  a  coat  from  0.4  to  2.6 
man-hours.  For  the  first  set  of  strategies,  from  63  per  cent 
to  98  per  cent  of  the  intensity  can  be  removed  with  costa 
ranging  from  1.5  to  33.4  man-hours.  In  seven  nf  nine  cases,, 
from  78  per  cent  to  98  per  cent  can  be  removed  at  a  cost 
varying  from  1.5  to  12.1  man-hours.  'Rte  maximum  amount  of 
time  any  crew  member  spends  decontaminating  for  either  the 
first  set  or  second  of  combined  strategies  is  6.7  hours 
(Building  H).  It  ohould  be  noted  that  firehose  teams  consist 
of  more  than  one  man  and  that  team-hours  of  work  will  be  less 
than  man- hours. 
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It  con  be  seen  by  comparing  the  second  set  of 

strategies  to  the  first  set  for  each  structure  tlwt, 

in  general,  the  cost  Increases  considerably  os  one 

* 

attempts  to  decrease  F^  toward  Fj .  For  example,  for 
structure  G,  75  per  cent  of  the  Intensity  can  be  removed 
for  a  cost  of  2.4  man-hours;  however,  to  remove  84  per  cent 
(l.e,,  9  per  cent  more)  would  require  11.7  nan-hours.  Thus, 
by  applying  more  effort  to  achieve  a  lower  E^,  the  protection 
Ls  increased  from  a  factor  of  4  to  a  factor  of  6,25--or 
the  protection  is  raised  by  an  additional  56  per  cent  by 
applying  more  uftort.  On  the  other  hand,  the  cost  is 
increased  by  an  additional  38B  per  cent  in  order  to  achieve 
this  protection. 

(5)  Allocation  of  Decontamination  Effort 

The  importance  of  properly  allocating  decontamination 
effort  among  the  various  accessible  contaminated  areas  can 
be  inferred  by  comparing  the  third  sec  of  combined  strategies 
with  tl  °  second  set.  The  third  not  of  strategics  is  tin;  use 
of  a  single  decontamination  method  on  the  Blngle  area  that 
contributes  the  most  Intensity  to  the  detector.  The  decontami¬ 
nation  method  used  on  the  area  is  the  same  as  that,  used  in 
the  second  set  of  combined  strategies.  Tire  method  Ls, 
however,  applied  more  extensively  (i.e.,  E^  is  smaller)  in 
the  third  set  than  it.  is  in  the  second.  In  the  second  set, 
a  smaller  effort  is  applied  to  this  area,  but  effort  is 
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applied  to  other  areas  as  well.  It  can  be  seen  by 
comparing  the  third  set  of  combined  strategies  with  the 
second  set  in  Table  E-IV  that,  in  general,  considerably 
more  of  the  intensity  will  be  removed  for  these  buildings 
with  much  less  cost  if  the  effort  is  allocated  over  more 
than  one  accessible  area  (as  in  Set  2),  rather  than  applying 
extensive  effort  to  one  area  (Set  3).  For  example,  for 
Structure  f>,  4.88  man-hours  with  a  street  sweeper  are 
applied  extensively  to  just  the  primary  roads  and  sidewalks 
(Set  3);  34  per  cent  of  the  intensity  will  bo  removed. 
However,  if  1.84  man-hours  with  a  street  sweeper  are  applied 
less  extensively  to  the  same  area  and  to  other  accessible 
areas  (other  roads  and  sidewalks),  81  per  cent  of  the 
intensity  will  be  removed. 

«» )  J&J^JS.JktKJLE3££ 
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For  outside  detectors,  considerably  lovcir  X  vainer, 
were  calculated.  Table  E-V  summarises  the  pertinent  data 
calculated  for  the  three  outside  detector  locations. 
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TABLE  E-V 


Summary  of  Qut8i.de  Detector  Analysis  Data 


Analysl s 
Struc  turc 

Detector 

Location 

Original  PF 
at  Site  of 
Detector 

Ideal  Intensity 
Reduction  Factor 
Associated  with 
the  Detector 
Surface* 

Ideal  Combined 
Intensity 
Reduction 
Factor  (F*) 

6-Floor 

Apartment 

Bullding(B) 

Center  of 
Playground 

1.3? 

.056 

.019 

Slnouda 

Press 

Ilul  Id  log  (i;) 

Center  of 
Street 

1  .AO 

.029 

.001 

Department 
of  the 
Interior 
Building (H) 

Center  of 
Interior 
Court 

1.61 

. 

0 

0 

Ac.  (a  aoen  from  this  tshln,  the  moot  significant  contributing 
plane.  of  contamination  in  the  aurfacu  above  which  the  detector 
Ik  ) oc.ittnl .  By  dcc.on Uimlnn ting  that  surface  alone,  the 
intensity  cun  bn  reduced  by  n  lactor  of  20  or  more, 
b .  Paramo trie  Studies : 

(1)  Introduction 

Several  parametric  studies  were  undertaken  to  provide 
Inferences  regarding  the  relationship  between  intensity 
reduction  (due  to  decontamination)  and  several  factors 
associated  with  the  contaminated  planes  and  the  shielding 
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Thin  is  the  i.  factor  (perfect  decontamination)  associated  with  outside 

1 1 J. 

detector  location  j  and  the  surface  above  which  the  detector  la  located 
(designated  as  surface  i). 


afforded  che  detector.  Both  inside  and  outside  detector 
Locations  were  considered. 

(2)  Indoor  locations 

For  the  studies  of  Intensity  redaction  Indoors,  « 
ton-story  structure  was  hypothesised  and  a  detector  pieced 
on  each  of  the  first  five  stories.  In  these  cases,  there 
was  no  roof  contribution  to  these  detectors.  One  of  the 
basic  purposes  ol'  this  study  was  to  determine  which  physical 
factors  were  moat  influential  in  determining  the  relative 
importance  of  the  contributing  planes  of  contamination. 

Au  might  be  expected,  the  distance  between  the  detector 
and  che  contaminated  plana  weigh*  most  heavily  for  the 
detector*  positioned  on  the  firat  and  second  floors.  For 
the  higher  floors,  this  factor  was  less  Important,  inasmuch 
as  the  floors  themselves  provided  aomo  shielding,  from  the 
nearer  contaminated  planes.  This  is  seen  most  easily  by 

ob  nerving  (from.  section  K.  be  Low)  that  the  f  .  values  for 

*■  >  J 

i  ®  7  and  8  (representing  the  two  nearest  planes)  Increase 
fairly  consistently  «a  one  ascends  from  floor  to  floor. 

This  is  the  ease  In  all  four  tables  (T**bl<;ft  K-VTIT  through 
fi-XI  of  Section  K). 

One  important  fact  should  be  noted:  The  f,  .  represent 

■**  *  J 

■A*  it 

only  tha  fraction  ot  Internal ty  regaiftinft,  80  tnut  £'  .  >  f .  . 

does  not  imply  that  there  to  a  higher  intensity  at  detector 
jj  on  floor  1  than  at  on  floor  2.  The  detector  at  may 
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have  had  a  much  higher  intensity  reading  than  the  detector 
at  jp  before  plane  i  was  decontaminated.  Thus,  the 
intensity  after  decontamination  may  still  be  higher  at  the 
detector  at  even  though  the  fraction  of  intensity 
remaining  is  leaa. 

(3)  Outdoor  Locations 

Hie  parametric  studies  Involving  unshielded  detectors 
placed  on  streets  lined  by  buildlngr.  (Section  b  below)  led 
to  one  rather  interesting  conclusion:  The  Intensity 
measurud  in  the  center  of  *  street  will  not  change  appreciably 
os  (say)  an  unshielded  person  pusses  through  intersections 
or  passes  by  other  ground  - 1  eve I.  pianos  ot  contamination 
(parking  Into,  playgrounds,  parks,  etc,).  Considering  only 
roads,  40  foot:  wide-  and  60  leet  wide,  the  calculated  protection 
factors  were  always  between  1.47  und  1,70.  (0»:O  Tables  S-XII 

through  Ji-XV).  Thin  means  the  L  the  postal  tack  planner  can 
safely  u»t  1,3  or  1,6  as  the  protection  factor  Afforded 
unshielded  persona  on  streets. 
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B.  Sin-Floor  Apartment.  Building 


1.  Dlacuaalon 

This  building  la  situated  on  the  comer  of  two  paved  streets 
and  across  Che  street  from  a  school  building  and  playground  area. 

Prior  to  an  on-aite  Inspection  It  was  assuned  that  the  playground 
was  completely  paved.  However,  a  portion  of  the  school  ground  has 
been  fenced  off  for  a  garden  as  Is  shown  on  the  map  (Figure  R-6)  and 
In  the  photograph  (Figure  E-13).  "Hie  analysis  which  was  accomplished 
prior  to  the  visit  assumes  that  this  area  is  paved  and  la  a  part  of 
the  school  playground,  Inasmuch  as  this  playground  is  directly  in 
front  of  the  building  housing  the  detector,  it  was  included  In  the 
total  ground  surface  urea  to  he  decontaminated,  The  areas  behind 
the  building  consisting  primarily  of  smaller  structures,  alleyways, 
and  a  backyard,  with  many  obstructions,  warn  not  considered  suitable 
for  decontamination. 

For  a  first-floor  detector,  if  only  the  roof  of  the  building 
war*.'  <lei*fitn;a'.ti tinted,  about  one-third  of  Clio  radiation  Intensity  would 
be  removed;  If  only  the  ground  surfaces  (streets  and  playground)  were 
decontaminated,  about  one-half  of  the  radiation  Intensity  would  be 
removed.  If  both  of  these  areas  (roof  and  ground)  were  decontaminated, 
more  than  four-fifths  of  the  radiation  intensity  would  be  removed. 

2.  Analysis  Data 

(a)  Address:  81  West  182r>d  Street 

Bronx,  New  York  City 
New  York 

(b)  Detector  Location:  First-floor  (Three  feet  high) 
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(c)  Normal  Protection  Factor:  PF  ™  45 


(d)  Decontamination  Areas: 

(1)  Roof:  9918  sq.  ft,  tar  paper  surface. 

(assumed  equivalent  to  tar  and  gravel) 


(2)  Ground  Level:  15,000  aq.  ft.  (asphaltic  concrete  on 
West  182nd  Street) 

16,000  aq.  ft.  (asphaltic  concrete  on 
Aqueduct  Avenue) 

13,000  sq,  ft.  (asphalt  on  P.S.  91 
playground) 

(Roof  ■  Area  Number  1;  Ground  Level  *  Area  Number  2) 


(<■)  Ideal  Intensity  Reduction  Factors: 

(1)  Roof:  f*  j  -  .641 

(2)  Ground  Level:  fj  j  ■  .494 

(3)  Roof  and  Ground  Combined:  F* 


+  f. 


2,1 


1 


.135 


(f)  Cost  and  Effectiveness  Data  for  Selected  Methods  on  Individual 
Areas : 


Strategy 

Area 

Muss 

Intensity 

Team 

Crew 

Identifi¬ 

(Use  Nos, 

Reduction 

Reduction 

Hours 

Dose 

cation 

from  (d) 

Factor 

Factor 

of 

in 

Symbol 

above) 

<Ei> 

Effort 

Roentgens 

FXG1 

1 

.01 

.645 

1.42 

14.2 

FTC.  2 

1 

.03 

,652 

.71 

7.1 

FTG3 

1 

.07 

.666 

.43 

4.3 

FTG4 

1 

.12 

.664 

.28 

2.8 

SSI 

2 

.04 

.51.4 

1.76 

17.6 

SS4 

2 

.15 

.570 

.44 

4.4 

VS1 

2 

.02 

.  504 

1.76 

17.6 

MF1 

2 

.02 

.504 

.44 

4.4 

FI 

2 

.02 

.504 

8.80 

88.0 

See  Tables  E-I  and  F  rr  for  description  of  symbolB. 

Crew  duijo  in  roentgens  is  calculated  assuming  decontamination  at  IH-2  weeks 
with  an  H+l  reference  intensity  of  10,000  r/hr. 
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(g)  Combined  Strategies: 


Strategy  Intensity 
Identification  Haduction 
Symbol  and  Area  Factor,  F^ 


Total  Man- 
Hour*  of 
Effort 


FTG1-1  +  SSI-2  .13# 
FTG1-1  +  Fl-2  .1*9 
FTG4-1  +  V31-2  ■  18** 
FTGA-1  +  884-2  • 254 


11.69 

33.92 

3.72 

2.40 


Ground  „ 
Surface 


fire  hydrant* 


principal  building 


adjacent  buildings 


detector  location  1 


Il!l!!l!llll!!llll!lllll!l! 

Area  1 

ll!HHHIII|l!imiillllll 


decontamination  area 


naan  z-i 


««nut  s-8 


FIGURE  E-9 


FIGURE  B-ll 


f  *  'r:  MgBuq  i_i 


View  of  Playground  and  Garden  Area 
(Kote !  Iron  fence  abound  garden^ 
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5.  Outside  Detector 

(a)  Locution  of  Detector:  In  center  of  playground  across  tin 
street  from  original  building  studied.  (Three  feet  off 
ground ) , 

<b)  Original  PF  at  site  of  detector  — . 1,36 

(c)  f*'s  for  individual  planea 

f*  (playground,  i.e.,  plena  above  which  detector 
l*2  is  located) . . 

£*  2:  Street  in  front  of  building .  *®63 

P2  *  +  £5.2  ’  1  “  -°19 
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C.  Six-Floor  Anartacnt  Building 


1.  Dlsousaion 

This  building  Is  typical  of  many  multi-family  dwellings  1 oca tad 
In  densely  populated  areas,  It  la  surrounded  by  other  buildings, 
narrow  alleys,  and  congested  paved  arena,  In  order  to  provide  for 
a  complete  decontamination  operation,  chese  areas,  particularly  the 
parking  lot  shown  In  Figure  E-16,  would  have  to  be  eleerod  of  perked 
vehicles  end  other  obstructions,  In  this  instance,  however,  all  but 
about  one-fifth  of  the  radiation  intensity  at  the  second  floor  can  be 
removed  by  decontaminating  Che  buildings  roof,  the  paved  alley,  and 
street  directly  adjacent  to  the  building,  Iha  garage  roof,  parking 
lot,  and  other  paved  areas  account  lor  an  additional  five  per  cant 
of  tha  radiation  Intensity, 

2.  Annlyaif  fata. 

(a)  Address;  362  West  32nd  Street 

Manhattan,  New  York  City 
Mew  York 

(b)  Detector  Location:  Second  Floor 

(c)  Norms  1  Protection  Factor:  PF  »  73 

(d)  Decontamination  Areas: 

(1)  Roof  (Primary):  2,400  sq.  ft.  composition  shingle, 

(2)  Alleys:  1,400  sq.  ft.  asphaltic  concrete  (behind 

building  and  garage). 

(3)  Road  Area  Directly  In  Front  of  Building:  6,000  sq.  ft, 

asphaltic  concrete  (West  52nd  Street), 

(4)  Parking  Lot,  Garage  Roof,  Road  Area  in  Front  of  Parking 
Lot:  9,200  sq.  ft.  (asphaltic  concrete  parking  lot). 

2,100  sq.  ft.  (composition  shingle  garage  roof). 

7,500  sq.  ft.  (asphaltic  concrete  road  in  front 
of  parking  lot) 
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(f)  Ideal  Intensity  Reduction  Factors: 

(1)  Roof  (Primary):  ^  »  ,583 

(2)  Alleys:  £*  -  .77 A 

«  I  L 

•ft 

(3)  Road  Area  in  Front  of  Building:  \  m  .836 

(4)  Parking  Lot  and  Associated  Road  Area,  Oarage  Roof: 

■m  '  •« 

(5)  All  Decontamination  Areas  Combined: 

F1  "  fl  1  +  f2  1  +  £3  1  +  f4  1  '  ^  "  .1W 
(f)  Cost  and  Effectiveness  Data  for  Selected  Methods  on 


Individual  Areas: 


Strategy 

Area 

Maas 

Intensity 

Team 

Cvsu 

Idnntifi* 

(Uac  Hob. 

Reduction 

Reduction 

Hours 

Dose 

cati  on 

from  (d) 

Factor 

Fac  tor 

of 

in  4.«. 

Symbol* 

above) 

<Ei> 

Effort 

Reantgsns 

FC81 

1 

.03 

.396 

.20 

2.0 

PCFJ3 

1 

.08 

.616 

.04 

,4 

V31 

2 

.02 

.780 

.06 

.6 

V32 

2 

.09 

.794 

.03 

.3 

SSI 

2 

.04 

.783 

.06 

.8 

SS3 

2 

.09 

.794 

.02 

.2 

SSI 

3 

.04 

.843 

.24 

2.4 

SS4 

3 

.09 

.851 

.06 

.6 

VS1 

3 

.02 

.839 

.24 

2.4 

VS2 

3 

.09 

.851 

.12 

1.2 

MF2 

3 

.04 

.843 

.02 

.2 

FI 

3 

.02 

.839 

1.20 

12.0 

F3 

3 

.07 

,847 

.24 

2.4 

(8) 

Combined 

Strategies: 

Strategy 

Intensity 

Total  Man- 

Identification 

Reduction 

Hours  of 

Symbol  and^ir 

en 

Factor, 

Effort 

FCS1-1  +  VS1-2  +  VS1-3  .215  1,50 


FCS3-1 

+ 

VS2-2  +  VS2-3 

.261 

.39 

VS2-2 

+ 

VS2-3 

.645 

.15 

SSI-2 

+ 

SSI- 3 

.626 

.30 

FCS1-1 

+ 

Fl-3 

.  435 

7.20 

FCS1-1 

+ 

MP2-3 

.439 

3,22 

See  Tables  E-I  and  E-II  for  description  of  symbols. 

Crew  Dose  in  roentgens  is  calculated  assuming  decontamination  at  H+2  weeks 
with  an  H+-1  reference  intensitv  of  n.OnP  r/hr. 
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fixe  h>drence 


principal  building 


adjacent  buildinsa 


detector  location  1 
(Virp.t  Floor  Detector) 


decontamination  area 


A-  IftgsaaftfcSB  ....  . :  :-r- ' 

TV14  Pfttoollvs ButldiJiS  us  ».rlr  kymrmrn  In  Hew  Vttrit  City  i*  S 
twenty-one  #eory  o«Eice  building  situated  **Mg  othpr  tail  bull«*in*a 
which  would  provliU  coniidtnbU  ihltUlot  fro*  ndlttitn  intimity* 
The  fourth  floor  deteetor  is  sufficiently  far  fro*  ths  toof  so  that 
none  of  ths  intensity  racsived  at  the  d at actor  oowaa  tt<M  the  roof. 
Almost  nil  of  the  radiation  intensity  cooes  fro*  the  pared  toed*  sad 
and  sidewalks  directly  adjacent  to  this  building  itself.  A  smII  pert 
oi  thu  intensity  wMild  ctww  from  the  garden  Island  er**S  in  the  Middle 
of  Park  Avenue.  It  la  believed  that  this  area  could  not  be  deeontSMl- 
n» ted  onnlly. 

2.  Anflvsia  Pets 

(«)  Addreust  310  Perk  Avenue 

Manhattan,  Haw  York  City 
New  York 

(b)  Detector  Locationi  Fourth  Floor  ■  (ttrss  East  off  floor) 

(c)  Normal  rroceccitm  i«kv»i  i  **  - 

(d)  Decontamination  Areas: 

(1)  Park  Avenue:  110,000  sq.  ft,  asphsltic  concrete  rood 

and  cement  sidewalk 

12,000  an*  ft.  asphaltic  concrete  road 

and  cement  sidewalk. 

(2)  Other  Roads;  62,000  aq.  ft.  asphaltic  conerate  road 

and  cement  sidewalk, 

(e)  Ideal  Intensity  Reduction  Factora 


(l) 

Park  Avenue: 

* 

fl.l 

«  .  633 

(2) 

Other  Roads: 

* 

f2.J 

-  .611 

(3) 

All  Rood  dor faces : 

■k 

Fl  " 

-  E-58  - 


(f)  Cose  end  Efftu.tiyeneaa  Data  for  Selected  Method*  on 
Individual  Surfaces; 


Strategy 

Identtfi- 

cutlon^ 

Sjnabpl 

Ar,' a 

(Uoa  Hos. 
from  (d) 
above) 

Ht3S 

deduction 

Faetw 

0^) 

Intensity 

Reduction 

Factor 

(fi,P 

Ttni 

Bout* 

af 

Effort 

-  •  '•  ■  ■ 

831 

3 

.04 

.436 

4.88 

....  m;t. - 

334 

1 

.13 

.518 

1.22 

12,2 

VS1 

1 

.02 

.442 

4.88 

48,8 

V93 

1 

.25 

.373 

1.22 

12.2 

MP3 

1 

.02 

.442 

1,22 

12.2 

l 

.07 

.  473 

4,88 

4ft.  8 

SSI 

2 

.04 

.627 

1.68 

16.8 

8S4 

2 

.15 

.669 

0.42 

4.2 

VS1 

2 

.02 

,619 

1.68 

16.6 

V33 

2 

.23 

.708 

0.42 

4.2 

MF1 

2 

.02 

.619 

0.42 

4,2 

F3 

1 

.07 

.638 

1.68 

16.8 

(8) 

Combined  Strategies; 

Strategy 

Intensity 

Total  Men- 

Identification 

Reduction 

Hours  of 

Symbol  and  Area 

racfcod,  r  ^ 

Bffert  ; 

S84-1  +  SS4-2 

.187 

1.64 

sr.i-i  +  ssi-2 

• 

083 

6, 56 

MFl-l  +  MF1-2 

061 

1,64 

F3-1  +  F3-2 

111 

32.  ao 

See  Tables  K-I  and  E- II  for  description  of  subtle 

■frfC 

Crew  dose  In  roentgens  is  calculated  assuming  decontamination  at  Ht-2  weeks 
with  an  IH-l  reference  intensity  of  10,000  r/hi*. 
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FIGURE  £-23 


FIGURE  E-25 


FIGBRR  F-26 


1.  Diacua  tUm 


The  General  Dyeatuf Corporation  Is  similar  Co  dm  building  la 
Section  0  in  that  a  garage  roof  la  one  of  the  deoontaatruitlon  surface*. 
Here,  thie  roof  accounts  for  more  than  one-tenth  of  the  radiation 
inteneity  on  the  fourth  floor  end  la  therefor*  distinguished  aa  a 
n«r>ar«te  decontamination  arse  in  the  ana ly ala. 

All  hrlck  paveo.enta  wart  assunad  to  bo  equivalent  to  eepheltlo 
concrete  when  estimating  the  effactlvenaea  of  the  decontamination 

I 

equipment. 

2.  AMlYtH  fan 

(a)  Addreaei  435  Ihtdeon  Street 

Manhattan,  New  York  City 
Maw  York 

(b)  Detector  Location)  Fourth  Floor 
<c)  Normal  Protection  Factor)  ’•P  «  126 

(d)  Decontamination  Araaa: 

(1)  All  Roada:  110,000  eq.  ft. 

(2)  Parking  Lot  and  Playground t  50,000  aq,  ft. 

(3)  Roof  of  Adjacant  Garage;  4,000  aq,  ft, 

(e)  Ideal  Intensity  Reduction  Factors: 

(1)  Roade:  f*  j  -  ,123 

(2)  Parking  Lot  and  Playground;  f*  ^  »  .991 

(3)  Roof  of  Adjacent  Garage:  f^  ^  »  .887 

(4)  Above  Combined:  F*  ■  .001 


<f)  Coat  and  Effectiverieao  Data  Cor  Selected  Methods  on 
Individital  Areas ; 


Strategy 
Identifi¬ 
es  ti  oru, 
Symbol 

Area 

(Uaa  Hot. 
Crow  (d) 
above) 

Mass 

Reduction 

Factor 

(V 

Intensity 

Reduction 

Factor 

<fU> 

Team 

Hours 

of 

Effort 

Craw 

Dose 

In  , 

Roentgen* 

S81 

1 

.14 

.158 

4.40 

44.0 

384 

1 

.15 

.253 

1.10 

11,0 

vai 

1 

,0! 

.  141 

4.40 

44.0 

VS3 

1 

,23 

.342 

1.10 

11,0 

F3 

1 

.07 

.184 

4.40 

44.0 

SSI 

2 

.04 

.9*1 

1.44 

14,4 

VS1 

2 

.02 

.  991 

1.44 

14.4 

MF1 

2 

.02 

.991 

0.36 

3.8 

PI 

2 

.02 

.991 

7.20 

72,0 

FCS1 

3 

.03 

.890 

.33 

3.3 

PCS  3 

3 

,08 

.  896 

.07 

.7 

<g) 

Combined  Strategies: 

Strategy 

Intensity 

Total  Man- 

Identification 

Reduction 

Hour*  of 

Symbol  and  Area 

Factor,  F^ 

Effort 

S34-1  4  SSI *2 

4  FCS1-3 

,  136 

4.52 

884-1  4  FC81- 

3 

, 

145 

3.08 

P3-1  +  FI '2 

+  FC31-3 

m 

085 

59.78 

SSl-l  +  FCS1- 

3 

048 

6.38 

'k 

See  Tabled  E 

-I  and  E- IX 

Eor  description  of  symbols. 

Crew  dose  in  roentgens  is  calculated  assuming  decontamination  at  H+2  weeks 
with  an  WT  reference  intensity  of  10,000  r/hr. 
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decontamination  are* 


iW 


FIGURE  E-28 


Vlttw  of  Bui  Ulna  grew  HudlffiO  SAraf^. 
fljgfclU  drain.) 

FIGURE  B-29 


View  of  Interaction  of  Hud  a  on  Street  and 
Morton  Street.  (Note:  brick  pavement,  fire¬ 
plug  and  sever) 
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FIGURE  E-30 


Vlw  of  Building  Roof*  Ac too*  Urm  fltrtat 


FIGURE  R-31 


Playground  (Note:  two  drains  In  center) 
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View  of  Budtow  Btr«»t  »nd  Sidewalk 
Ar«*»  from  teflj 

ttCJWK  R-33 


Vlevr  of  Parking  Lot  and  Adlacnrtt  Garage 
itoof,  (Mo^e;  depression  area  on  garage  r(X>f) 


F.-69 


st*  j#y  -rr*  ,-r»>«SS3WiS^' 


ttteh.&shofll  GVBgWSitfn 

]_  w  aBt,'jaa&Kw» 

*r 

Thic  iiui.lrfS.ng  la  surrounded  by  large  pavad  araae  which  could 
aaeily  be  decontaminated,  About  half  of  the  radiation  intensity  90 
Che  second  floor  could  be  removed  by  decontamination  of  the  paved 
ground-level  areas  a r curd  the  building,  A  complete  decontamina Cion 
of  the  roof  and  the  paved  area*  near  the  building  would  remove  word 
than  95%  of  the  radiation  intanilty. 

2.  AflftkaiigjBate 

(a)  Address:  Bennett  Street 

Boston,  Masraohuaetts 

(b)  Datactor  location!  Second  floor  (Thrae  feet  off  floor) 

(c)  Normal  Protection  Factor:  FF  «■  116 

(d)  Decontamination  Area at 

(1)  Roads:  5,000  *q.  ft.  (asphaltic  oonorata) 

(2)  Parking  Lot:  10, (WO  sq,  ft,  (asphalt) 

(.1)  Playground:  23,750  eq,  ft,  (asphalt) 

(4)  Roof:  4,700  aq.  ft.  (aamnaed  to  be  tar  end-  gravel) 
<e)  Ideal  intensity  Reduction  Factor*! 

(3)  Roads:  £*  ^  ■  .948 

(2)  Parking  Lott  C*  ;  »  ,789 

(3)  Playground:  £j  j  »  .  7.07 

(4)  Roof:  j  “  , 513 

(5)  Ground  Area*  (1,2,3):  F*  »  ,504 

(6)  All  AreaB  (1,2, 3, 4):  F*  » 


I 

I 

I 


.017 


**xaM**an.  rnmrnimmmim&mg&l&M: 


(£)  Cost  and  Effectiveness  Data  tot  Selected  rw  wiwS  «n 
Individual  Areas: 


Strategy 

Identlfi- 

cation* 

Symbol 

Area 

(Use  No  a. 
from  (d) 

above 

Mass 

Reduction 

Factor 

<v 

In  tenuity 
Seduction 
Factor 

«IJ> 

Team 

Uoura 

of 

Effort 

Crew 

bene 

in  ** 

lntnt|<Ti8 

8S4 

1 

.15 

.934 

.03 

•  ~T»~  - 

MT1 

1 

.07. 

.949 

.03 

.5 

ssa 

2 

.<)•) 

.608 

.13 

1,3 

VS3 

.25 

.642 

.10 

1.0 

MF1. 

2 

.02 

.793 

.10 

1.0 

SS3 

3 

.09 

.788 

.31 

3.1 

HS1 

3 

.04 

.726 

.95 

9.3 

V33 

3 

.25 

.823 

.24 

2,4 

MF1 

.3 

.02 

.m 

.24 

2.4 

FC81 

4 

.03 

.538 

.39 

3.9 

VC93 

4 

.cm 

,  532 

.07 

.7 

(#) 

Comblnud  Stratogiaa: 

Strategy 

Intensity 

Total  Man- 

Identification 

Reduction 

tbura  of 

Symbol  and  Aren 

Factor, 

Effort 

VS3-2  +  VS3-3 

.607 

>34  " 

SS4-1  +  V83-2 

+  VS3-3 

.621 

.39 

S 53-3  +  SU3" 2 

.596 

.44 

Hfl-1  b  KFl-2 

+  HF1-3 

.514 

.39 

FCSl-4 

.528 

2.34 

SS4-1  -i-  SS3-7. 

+  SS3-3  + 

FCS3-4 

.092 

.69 

■jr 

See  Tables  E-X  and  E- LI  for  description  of  Symbol 8. 

~An\ 

Crew  flowe  in  roentgens  in  calculated  assuming  deeoctanlnacioa  At  B+2  weak* 
with  an  HU  reference  intensity  of  10,000  r/ht. 
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I 

I 

I 

I 


i.  Djaaiitlaa 


Here,  the  neccctor  is  located  m  the  btiwent  of  then  Stands  Press 

1 

Building.  Because  the  detector  is  located  below  the  ground  level, 
almost  all  (89  per  cent)  of  the  radiation  intensity  coses  from  the  roof, 
the  five  degree  pitch  of  the  roof  and  the  sharp  incline  of  Ely  Street 
might  provide  excellent  drain-off  for  vet  decontamination  method*. 

2.  Analvuli.  Data 

(a)  Address:  37- 49  South  Avenue 

Rochester,  New  York 

(b)  Detector  Location:  Basement 

(e)  Normal  Protection  Factor:  IF  *  47 
(d)  Dccon tamlm  t.1  on  Areas : 

(1)  Roof:  10,000  sq,  ft.  (composition  shingle  -5°  pitch) 

(2)  Ground  level;  ?5,000  sq.  ft.  (asphaltic  Generate  - 

South  Avenue) 

8,930  sq.  ft.  (brick  -  South  Water  Street) 

1,980  sq.  ft.  (brick  -  Ely  Sftrsat) 

2,800  *q.  ft,  (asphaltic  concrete  »  parking 
lota) 

880  sq.  ft.  (asphaltic  concrete  -  Kly 
Street  extension), 

(c)  Ii.t.vuvily  Reduction  Factors: 


(1) 

Roof:  fj  j  **  . 

311 

* 

(2) 

Ground  Level: 

f.  ,  -  .  R96 

* '  »  * 

(3) 

Roof  and  Ground 

Combined; 

(£)  Cost  and  Effectiveness  Pete  for  Selected  Method a  on 


Indfriiiuaf  Area*; 


Strategy 

Identify 

cation* 

Symbol 

Ares 

(Use  Nos. 
from  (d) 
above) 

Hi  SB 

Reduction 

Factor 

<v 

FC31 

1 

i 

<n 
j  © 

FC83 

l 

.08 

F.3 

2 

.07 

HF2 

2 

.04 

(g)  Combined  Strategies: 


Intensity 

Reduction 

Factor 

<fM> 

IMS 

Stars 

of 

Effort 

Crew 

** 

Roentgens 

.138 

.83 

8.3 

.182 

.17 

1.7 

.903 

1.58 

15.8 

.900 

.12 

1.2 

Strategy  Intensity 
Identification  Reduction 
.Symbol  and  Ares  Factor,  Fj 


FCSl-1  +  MF2-2  .038 
FCS3-1  +  MF3.-2  .082 
FCS3-1  +  F3-2  .085 
FCS3-1  .138 


Hotel  HU- 
■Mara  of 

Effort 


4.68 

1.22 

8.92 

4.00 


See  Tables  F.-I  end  I'- IT  for  description  oE  ayisbolw. 

Crew  dose  in  roentgens  is  calculated  assuming  decern tss&Lc&lion  at  IH-2  weeks 
with  an  HH  reie.  --nee  intensity  oi  10.000  tr/hr. 


E-75 


:S\ 


fire  hydrants 


principal  building 


adjacent  build i  lifts 


detector  location  i 


decontamination  area 


FIGURE  E-40 


But  aUbililtt-itM  katto  turn 

FIOUH*  i-41 


Vl^'.'i1  o£  Building  from  Intersection  of 
South  Avenue  and  Ely  Street 


H.  Department  of  Interior 

1.  Discussion 

Hie  original  protection  factor  of  this  building  oix  the 
third  floor  it  quite  high.  Furthermore,  swat  of  the  intenuity  would 
be  from  fallout  tn  four  inner  court  areas  (Sea  map.  Figure  S-42). 

If  the  inner  courts  sre  decontaminated,  almost  99  per  -cant  of »  . 

all  radiation  intensity  is  removed  from  a  location  in  the  center  of 
the  court  itself. 

2.  Analysis  Pets 

(a)  Address:  18th  and  C  Streets,  N.  W, 

Washington,  D.  C. 

(b)  Detector  Location:  third  Floor 

(c)  Normal  Protection  Factor:  PF  «  1090 

(d)  Decontamination  Areas: 

(1)  Interior  Courts:  23,400  sq.  ft.  (assumed  to  be  oonorota) 

(2)  Roads:  800  sq.  ft.  (assumed  to  be  asphaltic  concrete  ■> 

19th  Street,  N.  W. ) 

1200  aq.  ft.  (assumed  to  be  asphaltic  concrate  - 
18th  Street,  N.  W.) 

(e)  Ideal  Intensity  Reduction  Factors: 

* 

(1)  Interior  Courts:  f^  ^  “  .392 

(2)  Road 8;  ~2  l  m 

* 

(3)  Courts  and  Roads  Combined:  Fj  ■  .210 


Sub-section  4  not  included  In  tills  section  inasmuch  as  no  photographs  were 
available . 
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(£)  Cost  and  Effectiveness  Data  for  Selected  Methods  on 
Individual  surfaces: 


Scr3  Ucgy 

Area 

Maas 

Intensity 

team 

Crew 

Identi  f  J  “ 

(Use  Nos. 

Reduction 

Reduction 

Hours 

Dote 

cation 

from  (d) 

Factor 

Fac tor 

of 

in  ^ 

Symbol* 

above) 

<v 

Effort. 

Roentgens 

FI 

l 

.02 

,404 

4.68 

4f>,8 

FI 

1 

.07 

.  434 

.94 

9.4 

FI 

2 

.02 

.822 

2.02 

20.2 

F3 

2 

.07 

.831 

.40 

4.0 

MF2 

2 

.04 

.825 

.01 

,1 

VS3 

2 

.25 

.884 

.02 

,2 

5S4 

2 

.15 

.845 

.02 

.2 

00 

Combined  Strategies: 

Strategy 

Intensity 

Total  Man- 

Identi flea  tion 

Reduction 

Hours  of 

Symbol  and  Area 

Factor, 

Effort 

FI- 1  +  Fl-2 

.226 

33.40 

F3-1  +  F3-2 

.265 

6,70 

FI- 1 

.404 

23.40 

•k 

See  Tables  E-I  and  E-ll  for  description  of  symbols. 

•frfr 

Crew  dose  in  roentgens  is  calculated  assuming  decontamination  at  H+2  weeks 
with  an  H+l  reference  Intensity  of  10,000  r/hr. 


E-ftl 


■C”  St.  H.w 


• 

Eire  hydrants 

principal  building 

1. - j 

J  * 

adjacent  buildings 

© 

detector  location  1 

:!ii!!!!ll!Hillll!j|ii:!! 

i  Area  i 

decontamination  area 

5.  Outside  Detector 


(a)  Location  of  Detector:  The  center  of  any  of  the  interior 

court  sections. 

(b)  Original  FF  at  site  of  detector -  1.61 

* 

(c)  ?2  for  court  -  0  (all  of  the  dose  rate  contribution  coates 
from  fallout  in  the  court  itself). 
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A  Three- Story  Department  Store  Building 

1.  Discussion 

This  three-8‘ ory  building  can  be  effectively  decontaminated. 
All  but  about  one-one  thousandth  of  the  intensity  reaches  the 
second- floor  detector  from  the  roof  and  the  streets  in  front  of 
and  on  two  sides  of  the  building.  There  are  no  narrow  alleys, 
trees,  or  other  sources  of  stray  contamination  In  the  nrea, 

2 ,  Analysis  Data 

(a)  Address:  619  Main  Street 

Houston,  Texas 

(b)  Detector  Location:  Second  Floor 

(c)  Normal  Protection  Factor:  PF  *  26 

(d)  Decontamination  Areas : 

(1)  Roof:  9,400  sq.  ft.  (aaavmftd  tar  and  gravel) 

(2)  Roads;  68,300  Hq.  ft.  (assumed  SBphalo'c  concrete) 
(r)  Ideal  Intensity  Reduction  Factors: 

(1)  Roof:  f*  ,  »  .382 

1  >  i 

(2)  Roads:  f^  j  “  .619 

(3)  Roof  and  Roads  Combined:  1’^  «  .  Of'1 


<f> 


Co3t  and  Effectiveness  Data  for  Selected  nethada 


and  Individual  Surfaces: 


Strategy 

Area 

Hass 

Intensity 

Team 

Cr«w 

Identit'  1- 

(Use  Nos. 

Reduction 

Reduction 

Hour* 

Dose 

cation^, 

from  (d) 

Factor 

Factor 

of 

in 

Symbol 

above) 

(Ei> 

Effort 

Roentgen. 

FTGl 

1 

.01 

.388 

1.34 

13.4 

FTC  4 

1 

.1?. 

.456 

0.  ?.7 

2.7 

SSI 

2 

.04 

.634 

2.73 

27,3 

SS4 

2 

.15 

.6/6 

0.68 

6.8 

VS2 

2 

.09 

.653 

1.37 

13.7 

MF1 

2 

.02 

.627 

0.68 

6.8 

MF2 

2 

.04 

.  b34 

0.20 

2.0 

(8) 

Combined  Strategies: 

Strategy 

Intensity 

Total  Man- 

Identification 

Reduction 

Houra  of 

Symbol  and  Aren 

Factor,  Fj^ 

Effort 

FTG4-1  -f  S84-2 

.132 

2.57 

nxa  i  -t-  ssi -2 

.022 

12.11 

i-Ki-l  +  MI- 1-2 

.015 

10.06 

FIG  4-  1  VS2-2 

.109 

3.26 

k 

her  T:ibW‘s  K-  T 

and  IS-  IT  for  a  description  of  symbols, 

Civv  in  voeni  .»«  m;  i;:  r.iltulsted  .sn-sumlng  decontamination  at  lft-2 

•.vi.’-.s  '.vitli  in  I!-1-!  r.  ffunrp  in ion si  tv  of  10,000  r/hr. 
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3.  Mai> 


FIGURE  E-43.  Location  Map  of  Decontamination  Areas 


A  £  inc  bydrarti? 


principal  building 


'I  adjacent  building 


detector  location  1 


j|  Area  i  ■' 


deoor.taminaticr.  area 
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(e)  Ideal  Intensity  Reduction  Factors: 

(1)  4th  Floor  Roof:  f*  1  -  .732 

(2)  14th  Floor  Roof:  f*  ^  ■  .885 

(3)  Roads :  f3  x  -  .843 

fc 

(4)  Parking  Lots;  ^  *  .870 

(5)  Grass  Lawns:  £*  ^  ■  .992 

(6)  All  above:  F*  «  .322 

(£)  Cost  avid  Ef fectivenas#  Data  for  Selected  Methods  on 
Individual  Surfaces: 


Strategy  Area 

Tdontifi-  (Use  Nos. 

cation*  from  (d) 

Symbol  above) 

Mass 

Reduction 

Factor 

<v 

Intensity 

Reduction 

Factor 

Team 

Hours 

of 

Effort 

Craw 
Dose 
in  , 

Roentgens 

FC81  1 

.03 

.740 

.59 

5.9 

FC83  1 

.08 

.753 

.12 

1.2 

FCS1  2 

.03 

.888 

.06 

.6 

FC83  2 

.08 

.894 

.01 

.1 

8S1  3 

.04 

.849 

8.04 

80,4 

384  3 

.15 

.867 

2.01 

20. 1 

VS2  3 

.09 

.857 

4.02 

40.2 

MF2  3 

.04 

.849 

.60 

6.0 

SSI  4 

.04 

.875 

2.92 

29.2 

884  4 

.15 

.890 

.72 

7.2 

VS2  4 

.09 

.882 

1.44 

14.4 

MF2  4 

.04 

.875 

.22 

2.2 

(g)  Combined 

Strategies : 

Strategy 

In ten si ty 

Total  Man- 

Identification 

Reduction 

Hours  of 

Symbol  and  Area 

Factor,  F^ 

Effort 

FCS3-1  +  FCS3-2  +  VS2-3 

+  V3  -4 

.386 

8.70 

FCCl-l  +  FCS1-2.  +  VS2-3 

+  VS2-4 

.367 

9.36 

FCS1-1  +  FCS1-2 

.628 

3.90 

MF2-3  +  MF2-4 

.724 

0.82 

* 

See  Tables  E-I  and  E-II  for  a  description  of  symbols. 

Crew  dose  in  roentgens  is  calculated  assuming  decontamination  at  Hf2 
weeks  with  an  H+l  reference  intensity  of  10,000  r/br. 
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•  fire  hydrants 


principal  building 


adjacent  buildings 


detector  location 
(Detector  on  13th  Floor) 


j!!!i!!ii!i!ll!i!ii!li!!i 

I  Are.i  i 


decontamination  area 


FIGURE  E~49 


'9?*m 
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View  of  the  Building  from  10th  Street  and  Chestrmt  Street 


View  of  the  Building  from  11th  Stree 


K. 


Fictitious  But  Id  inn  -  Parametric  Study 


1 .  Discussion 

This  study  is  included  in  order  to  analyze  the  effects  that 
certain  physical  parameters  have  on  the  intensity  reduction  of 
decontaminating  a  variety  of  individual  contaminated  planes.  For 
this  study,  a  fictitious  ten-story  structure  was  conceived,  and  a 
detector  was  placed  on  each  of  the  first  five  floors.  These  detectors 
are  centered  in  the  building  as  is  shown  on  the  map  (Figure  E-51). 

They  a  re  three  feet  from  the  floor  in  each  case.  The  map  also  shows 
the  Individual  surfaces  which  can  be  decontaminated.  Table  E-VI 
assigns  a  Surface  Number  to  each  of  these  potential  contaminated 
planer. . 


Table  E-VII  shows  all  of  the  pertinent  building  data  necessary 

to  calculate  the  reduction  of  rndiation  Intensity  due  to  removing 

nil  of  the  contamination  from  any  single  contaminated  plane.  Tables 

■jV 

K-Vlll  through  E-XI  allow  the  f ,  .  values  for  all  of  the  parametric 

^  »  J 

studies.  These  studies  are  designated  Parametric  Studies  I,  II,  III, 

and  IV.  Ihc  conclusions  drawn  from  these  tables  are  Included  In 

* 


Section  A-3  of  this  chapter.  The  £  .  factor  is  simply  the  fraction 

*  9  J 

oT  radiation  intensity  remaining  at  the  detector  on  floor  j  when 
tf.e  contaminated  plane  referenced  by  Surface  Number  1  is  decontami¬ 
nated  perfectly.  The  original  residual  number  and  PF  associated  with 
each  detector  are  also  shown  on  Tables  E-VIII  through  E-XI. 
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Ana i ys if!  Data 


TABLE  E-VI 

Designation  of  Surfaces  which  can  be  Decontaminated 


Surface  Number  (See  Figure  2-44)  Description 

1  9  story  building  north  of  detector  location  (120  ft. 

2  3  story  building  east  of  detector  location  (120  ft. 

3  2  story  building  south  of  detector  location  (120  ft. 

4  6  story  building  west  of  detector  location  (liu  ft, 

5  40  £t.  wide  road  west  of  detector  location 

6  40  ft  wide  road  east  of  detector  location 

7  40  ft.  wide  road  south  of  detector  location 

8  20  ft.  wide  alley  north  of  detector  To  ntion 

9  Parking  lot  in  NE  corner 

10  The  three  unpaved  fields 


x  60  ft. ) 
x  60  ft.) 
x  60  ft.) 
x  60  ft.) 


All  pavement  in  the  intersections  are  considered  part  of  the 
two  north-south  roadways. 
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TABLE  E-VII 


Building  Data  for  Hypothetical  Building  Study 
Bulldii la  Data  for  Parametric  Studies  I.  II.  and  III 

1.  number  of  stories- - - - - ......  jo  (detector  located  on 

first  five  floor*) 

2.  number  of  arimuthal  sectors — - — - - -  12 

3.  total  height.  of  building - -  100' 

4.  height  of  each  story - - - -  10' 

5.  roof  weight - - — - - -  60  psf 

6.  exterior  wall  weight - - - .....  go  psf 

7.  windows:  clll  height--------------- - -  3' 

top  of  window  height-------------  8' 

(window  widths  total  to  about  50%  of  rha  exterior  wall  width) 

8.  building  dimensions — - ..........  go'  x  120' 

9.  Floor  weights  are  shown  on  Individual  charts. 

Building  Data  for  Parametric  8tndv  IV. 

This  building  is  like  that  for  studies  X,  II,  and  III  except  for 
the  following: 

1.  The  north  wall  of  the  building  has  no  windows 

2.  The  west  Bide  of  the  detector  has  additional  protection  from 
an  interior  partition  (10  psf). 
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TABLE  E-VIII 


i 

1 

I 

! 

f 

l 

I 

w. 

\ 

1 

L 

f 

! 

] 

1 


The  f  Values  for  Parametric  Study 


Parametric  Study  X: 

floor  J 

All  Floor  Weights  *  37 

* 

Values  of  f  . 

*■»  J 

1  2 

paf 

3 

Surface 

number  1 

1 

1 

1 

1 

2 

1 

1 

.999 

3 

1 

.998 

.930 

4 

1 

1 

1 

5 

.803 

.849 

.885 

6 

.787 

.826 

.860 

7 

.795 

.797 

.795 

8 

.843 

.899 

.951 

9 

.956 

.930 

.912 

10 

.815 

.731 

.684 

original 

residual 

original 

floor 

(j) 

number 

PF 

1 

.0322 

31.07 

o 

£> 

.0265 

37.71 

3 

.0234 

42.79 

4 

.0225 

44.42 

5 

.0209 

47.88 

’'See  Table  E-V1I 


I 

| 
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TABLE  K-  IX 


... ....  . ,  ¥  *  op 

tM 

i? 

fc 


*  * 
The  £  ,  VmIuos  for  Parametric  Study  II 

*•  1  J 


Parametric  Study  II:  All 

Floor  Wolghta  ■ 

17  psf 

K 

floor  j  1 

2 

3 

4 

5 

1 

Surface 
number  1 

m 

1 

1 

1 

1 

1 

1 

1 

2 

1 

l 

.  998 

.970 

.m 

| 

3 

1 

.996 

.941 

.902 

.901 

4 

1 

1 

1 

1 

1 

1 

s 

.805 

.859 

.891 

.924 

.9)0 

• 

6 

.788 

.835 

.869 

.884 

.894 

V 

7 

.790 

.797 

.810 

.857 

.669 

1 

B 

.848 

.891 

.951 

.971 

.976 

* 

9 

.956 

.928 

.901 

.905 

,919 

1 

10 

.814 

.695 

.655 

.645 

.676 

1 

original 

residual 

original 

i 

m 

floor  (j) 

number 

PF 

I 

? 

.0340 

29.37 

2 

,0357. 

28.38 

1 

3 

.0289 

34.57 

4 

.0282 

35.50 

1 

5 

.0270 

37.06 

1 

*Scc  Table  E-VII 

1 

-  E-98  - 

i 

a 

z 

« 

TAIsLK  E-X 


Values  for  Parametric  Study  III 


Parametric  Study  III:  All  Floor  Weights  -  57  psl 


f 1  oar  J  1 

2 

3 

U 

5 

Surface 
number  i 

l 

1 

1 

1 

I 

1 

2 

1 

) 

.999 

.961 

.961 

3 

l 

.999 

.923 

,93a 

.931 

4 

1 

1 

1 

1 

1 

5 

.803 

.  893 

.881 

.906 

.311 

6 

.786 

.819 

.855 

.  B55 

.860 

7 

.797 

.  797 

.785 

.821 

.827 

8 

.  892 

1 

.906 

.950 

.965 

.969 

9 

.957 

.931 

.920 

.92  4 

.97.5 

10 

.816 

.703 

.703 

.703 

.715 

1  lour  ( )) 

original 
rnBid  uni 
number 

original 

PF 

1 

.0315 

31 . 73 

2 

.  0226 

44.2  5 

3 

,  02.09 

4  7.78 

*# 

.  03.00 

<59 . 98 

s 

.0182 

55.03 

’'Sr.-  Tub!.-  1-VlT 
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TABLE  E-  XI 


llie  f 

Values  for  Parametric  Study  IV 

1  J 

Parametric  Study  IV: 

All 

Floor  Weights 

=  37  psf 

floor  j 

1 

2 

3 

4 

5 

Surface 
number  1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

.998 

3 

1 

.999 

.936 

.910 

.941 

4 

1 

1 

1 

1 

1 

5 

.879 

.893 

.914 

.931 

.932 

6 

.791 

.818 

.869 

.891 

.887 

7 

.737 

.  734 

.737 

.772 

.793 

H 

.  838 

.917 

.905 

.979 

.986 

9 

.951 

.923 

.908 

.910 

.957 

1(1 

.817 

.694 

.680 

.658 

.657 

floor 

(.1) 

original 

residual 

number 

origina 1 

PF 

1 

.0317 

31.51 

2 

,0250 

39.98 

3 

.0221 

45.33 

4 

.0200 

49.88 

.*) 

.0175 

57.29 

Table  F.-VTI 
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'VJfpy 


i 

! . .  Unr.hicl.dod  Detcc  lm'  on  Streets  -  Para metric  Study 


Table  E-XII  shows  computed  protection  factors  for  persons 

* 

standing  in  the  middle  of  an  asphalt  street  as  shown  in  Figure  E-65 
for  various  widths  and  lengths  of  contaminated  roadway.  All  of  the 
radiation  intensity  aL  the  point  is  received  from  fallout  on  this 
single  piece  of  road  (i.c,,  within  the  arena  designated  in  Figure 
E-52.  Tills  would  be  the  case  if  buildings  lined  both  sides  of  the 
street. 


TABLE  E-XII 

Equivalent  PF  Obtained  by  Removing  all 
Contamination  Except  on  Straight  Rond . 


Length  (feet) 

Width  (feet) 

PF 

1000 

bO 

1,57 

200 

60 

1.57 

ino 

60 

1.59 

so 

60 

1.71 

1000 

60 

1.67 

200 

60 

1.67 

1 00 

60 

1.68 

r)0 

60 

1.79 

FIGURE  F.- V. 

Straight  Road 

Bui  idir.gs 

s  '  s  '  t  s  t  SSS  /  sS/ss/s/Ss/s//  /  /  /  Ss 
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T  -  Inter sec t i on a 

Table  F.-XTII  shows  computed  protection  lectors  for  pevsou- 
rttnnJlnc  In  a  T  '  shape-!  street  luI.cp.'  >on  on  shown  to  figure 
E- 53  Cor  various  lengths  red  vlJ~.hr.  of  the  iniersocting  rcmtla. 


TABIJ.  E-  XIII 

Equivalent  TE  Obtained  by  Removing  all  Contamination 
Except  that  on  T  ■  Shaped  Intersection 


Length  (feet) 

Length  L^  (feet) 

Width  (feet) 
Both  Streets 

500 

1000 

60 

100 

1000 

60 

50 

1000 

60 

0 

1000 

60 

30 

ZOO 

60 

50 

100 

60 

50 

50 

60 

500 

1000 

40 

100 

1000 

40 

50 

1000 

40 

0 

1000 

40 

FIGURE  E- 53 

T  -  Shaped  Street  Intersection 
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1.54 

1.55 
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1.64 
1.67 


Bui  Id ings 


~jCS-.S-.JL 1 


SSSLJ. 


1  x 

d 


l 

—  —  /  Bui  Idinjts 

fcjcs.f.*  /S/./S. 

*  Detector  .... 

,  ,  i  wtdtn 

Location  . 


J—Ll 


v/T  7-7- 


7  v  v  ;  ~r 


~7  T  T7TJ  7  7  /  Y 


j< - l2 


•>  ~7 7  ./Tt-tv 
PaiI  Id  luge 


E-  102 


3. 


Full  Four-way  Street  Intersections 

Table  E-XIV  shows  computed  protec;  ion  xac-wti  >-  >■-  ^'"sons  standing 
in  the  center  of  a  full  four-way  intei  auction  for  various  ’"Gad  wiuchs 
and  lengths  as  designated  in  Figure  L  34 

TABLE  E-XI” 

Equivalent  PF  Obtained  by  Removing  all  Contamination 
Except  that  on  Four- way  Intersection 


4 .  Typical  Pro  t  e  c  C  i.  on  Fa  r  tors  of  Unshielded  Detectors  on  Streets 
Table  E-XV  shows  syw-j  typical  protection  factors  affordod  to 
ui:s>!ieldf'd  i  ini  [■  l  duals  ioccted  '  .1  the  center  of  various  streets  and 
intersections .  These  values  were  selected  from  the  preceding  sections. 

TABLE  E-XV 
Equivalent  t*F  from 

* 

Typical  Contaminated  Streets 

Road  Width  (feet)  Detector  Location  PF 


60 

Center 

of 

Straight  Road 

1.57 

60 

Center 

of 

T  -  Shaped  Intersection 

1.54 

60 

Center 

of 

Four-way  Intersection 

1.47 

40 

Center 

of 

Straight  Road 

1.67 

40 

Center 

of 

T  -  Shaped  Inte-section 

1.63 

40 

Center 

of 

Four-way  Intersection 

1.50 

A 

All  roads  are  assumed  to  he  asphalt  and  arc  lined  with  sufficiently  tali 
buildings  so  that  all  of  the  contributing  fallout  is  on  the  street  itself. 
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ABSTRACT 

This  is  Volume  II  of  two  volumes  which  contain  the  analysis  and  conclusions 
reached  under  OCD  Sub task  2233B,  Radiological  Recovery  Concepts .  Requirements 
and  Structures.  Thia  report  contains  five  studies  concerned  with  detaraining 
the  costs  and  effectives,  s  of  decontamination  applied  to  postattack  recovery  in 
a  fallout  environment.  These  studies  cover  the  i'u  licking  subjects:  v*>  ,rh;» 

Effect  of  Early  Decontamination  on  Total  Dose:  inis  study  describes  the  effect 
of  a  single  (discrete)  reduction  in  radiation  Jn^noity  (i.e. ,  by  decontamination) 
on  an  individual's  dose  history  in  a  t"1*2  radiation  field;  (2)  The  Effect  oi~ 

Early  Decontamination  on  ERD:  This  analysis  is  like  the  first  in  describing  jj 
Lhe  effect  of  a  single  reduction  in  Radiation  intensity,  except  that  .,t  ■'divi¬ 
dual's  dose  is  measured  in  terms  of  his  EStb;  (3)  Total  Dose  Approxigsiti  y~  .  jj 
Brief  Exposure  la  a  Fallout  Environment;  Two  approximations  to  the  fi"  "  -on  f 

used  to  eelcul'ate  total  dose  for  a  finite  time  in  a  fk  rad  .ielu  | 

developed  end  the  resultant  error  is  estinetad.  (4)  The  Effectiven  ^  I 

Radiological  Countermeasures  in  Accelerating  ^oststtack  Recovery:  ‘li.'i.s  >tudy  1 
e eve  lops  the  parametric  relationships  that  de'-roine  which  radiological  counter"  f 
r assures  could  accelerate  the  postai  ack  raco^  ry  process :  (5)  Studlr 

'"iur  Effectiveness :  This  analysis  ueto •. jines  the  costs  and  ef i ••  ctiveneso  I 

.!«:■  ti ts-.inetion  on  and  around  nine  ITFSS  structures.  s 
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